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16.  Abstract 

;  This  report  describes  a  simulator  evaluation  of  electronic  radio  aids  to  navigation 
j  displays  conducted  for  the  purpose  of  trading  off  display  information  effectiveness  with 
:  operational  requirements  and  shipboard  system  cost.  The  miniexperiment,  a  pre- 
I  decessor  to  more  lengthy  experimentation,  utilized  an  abbreviated  scenario  to 
j  operationally  simulate  18  display  formats.  Six  digital,  ten  graphic,  and  two  perspective 
displays  were  evaluated.  The  digital  display  was  designed  to  provide  trackkeeDing  and 
turning  information  that  would  enable  a  pilot  to  transit  the  waterway  while  using  am 
inexpensive  digital  (alphanumeric  or  numeric  only)  display.  The  graphic  display  was 
designed  to  provide  a  pictorial  representation  of  ownship  in  the  waterway  similar  to  the 
way  it  is  viewed  on  radar,  contemporary  collision  avoidance,  or  navigation  option 
displays.  The  perspective  display  was  designed  to  portray  the  perspective  scene  as 
viewed  out  the  forward  bridge  windows.  Pilot  performance  using  each  of  the  displays  is 
discussed  and  analyzed,  and  seven  displays  were  recommended  for  further  evaluation  in 
the  full-scale  experiment.  - 
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PREFACE 


> 


The  simulation  experiment  described  herein  is  the  first  of  a  multiple  experiment 
program  for  the  operational  evaluation  of  radio  aids  to  navigation  displays.  The 
intent  of  the  overall  program  is  to  investigate  navigational  safety  as  a  function  of 
display  cost,  complexity  and  system  error  characteristics.  The  results  will  define 
the  requirements  for  an  electronic  display  which  will  allow  safe  pilotage  of  vessels 
in  poor  visibility  conditions  keeping  in  mind  all  economic,  technological  and 
feasibility  limitations. 

The  report  describes  abbreviated  12  minute  simulations  for  selecting  the  most 
effective  displays  from  among  IS  original  candidates.  This  experiment,  known  as 
the  miniexperiment,  was  conducted  using  "perfect  position"  information  for 
displaying  ownship  in  the  world.  Those  displays  selected  in  the  miniexperiment  will 
be  further  tested  in  full-length  (1  hour)  scenarios,  still  using  perfect  position  inputs. 
This  more  stringent  testing  of  formats  with  perfect  position  information  is  known  as 
the  RA-1  experiment.  The  remaining  one  or  two  "benchmark"  displays  will  again  be 
simulated,  only  this  time  in  a  noise  environment  of  known  proportions,  using 
specified  tracking  filter  characteristics  and  filter  aiding  techniques.  This  will  be 
known  as  the  RA-2  experiment.  Both  the  RA-1  and  RA-2  experiments  will  be 
presented  in  subsequent  documentation. 

"The  ultimate  objective  of  the  program  will  be  realized  by  a  combination  of  the 
performance  metric,  various  signal  to  noise  ratios  and  filter  bandwidths  into  a 
definitive  statement  about  the  ability  of  a  pilot  to  navigate  a  restricted  waterway  in 

limited  visibility  conditions."1 


United  States  Coast  Guard,  An  Approach  to  the  Study  of  Electronic  Displays  for  Use 
in  Restricted  Waterways,  a  position  paper,  December  1979. 
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Section  1 

r,^0&SiSuSIONS  AND  RECOMMENDATIONS 


1.1  SUMMARY  OF  CONCLUSIONS 

The  overwhelming  conclusion  of  the  miniexperiment  is  that  of  the  three  display 
concepts  examined,  the  GRAPHIC  display  produced  the  most  satisfactory  results. 
This  was  evident  both  in  a  comparison  of  subject  performance  and  individual 
preference.  Table  1  shows  a  summary  of  this  performance  as  interpreted  from  the 
statistical  analyses  of  Section  5. 

Figure  1  best  illustrates  the  findings.  It  is  a  graphic  presentation  of  the  mean 
track  (center  of  gravity)  of  ownship  and  +/-  two  crosstrack  standard  deviations  of  all 
tracks  made  when  each  type  of  display  was  used.  These  plots  define  the  envelope 
that  would  contain  95  percent  of  all  ship  tracks  for  a  population  of  transits  under 
similar  experimental  conditions.  A  review  of  Figure  1  shows  all  mean  tracks  to 
originate  in  the  center  of  the  channel  and  with  comparable  crosstrack  variability.  In 
the  bend,  the  mean  track  with  the  DIGITAL  display  is  significantly  closer  to  the 
point  of  the  bend  than  either  of  the  other  displays.  This  suggests  a  premature  or 
early  initial  turn  rudder  lor  the  turn  radius  required  by  the  bend. 

It  is  concluded  that  by  designing  the  leadline  of  the  digital  display  too  far  from 
the  bend,  pilots  were  influenced  to  turn  early  resulting  in  an  "undershoot"  of  the 
bend.  The  experiment  suggests  that  either  (1)  the  leadline  should  be  located  to 
accommodate  a  larger  overall  rudder  angle  (i.e.,  larger  turn  rate),  or  (2)  the 
Selection  of  a  turn  initiation  point  should  be  left  up  to  each  individual  pilot  and 
should  be  implemented  as  a  manual  operation  via  selector  knob.  In  general,  the 


FIGURE  1.  SUMMARY  OF  TRACKKEEPING  BETWEEN  DISPLAY  CONCEPTS 


TABLE  1.  SUMMARY  OF  RESULTS 


•  indicates  superior  pilotage  performance 

interpreted  from  statistical  analysis  of  measures  (Section  <0 


overall  concept  of  presenting  digital  information  for  trackkeeping  and  turnmaking  on 
a  radio  aids  to  navigation  display  appears  plausible  given  adequate  user  familiariza¬ 
tion  and  effective  display  design. 

High  crosstrack  variability  with  the  DIGITAL  display  beyond  the  bend  indicates 
inconsistency  among  subjects  in  the  application  of  their  check  rudder  and 
considerable  difficulty  in  steadying  up.  This  difficulty  was  primarily  attributed  to 
subject  inexperience  with  the  DIGITAL  display. 

By  the  end  of  the  second  leg,  as  shown  in  Figure  1,  mean  tracks  for  all  but  the 
PERSPECTIVE  display  had  returned  to  the  channel  centerline.  This  suggests  that 
with  the  PERSPECTIVE  display  pilots  either  could  not  track  down  the  centerline  or 
were  unaware  that  they  were  not  in  the  center.  A  comparison  of  pilotage 
performance  between  when  subjects  used  the  different  PERSPECTIVE  displays 
indicates  that  the  60-degree  field  of  view  display  was  the  primary  contributor  to  this 
trackkeeping  difficulty.  This  is  shown  in  Figure  2.  Apparently  the  additional  30 
degrees  in  the  field  of  view  of  the  90-degree  display  provided  more  effective 
information  for  portraying  ownship's  position  in  the  channel. 

In  general,  the  GRAPHIC  display  produced  the  most  favorable  results,  but  even 
among  the  graphic  variables  there  were  trackkeeping  differences.  These  differences 
are  shown  in  Figure  3.  Overall,  the  turn  motion,  track-up  GRAPHIC  display 
produced  the  most  desirable  track  plots  of  the  displays  that  were  evaluated. 
Subsequent  findings  of  the  experiment  suggest  that  the  ship's  image,  scaled  or 
symbolic,  had  very  little  effect  on  overall  performance;  however,  certain  combina¬ 
tions  of  orientation,  motion,  and  vector  type  did.  The  GRAPHIC  concept  in  general 
produced  superior  performance  over  the  other  concepts  for  those  pilotage  tasks 
performed  in  the  experiment. 

1.2  MAJOR  RECOMMENDATIONS 

As  a  result  of  wide  subject  variability,  the  heading  vector  was  shown  to  be  easier 
to  implement  and  understand  by  subjects  than  the  course  vector.  This  is  attributed 
to  the  subjects'  familiarity  with  heading  vectors  and  their  general  lack  of 
appreciation  of  how  a  course  vector  should  appear  in  a  turn.  Additional  training  in 
the  use  of  a  course  vector  is  recommended  prior  to  further  experimentation.  Also, 
it  is  suggested  that  an  investigation  into  the  use  of  a  combined  heading  and  course 
vector  display  should  be  pursued. 

The  symbolic  (+)  presentation  of  ownship  is  considered  inappropriate  for  further 
evaluation  on  the  radio  aids  to  navigation  displays.  A  navigation  system  with  the 
potential  implementation  capabilities  such  as  those  suggested  require  an  accuracy 
resolution  achievable  only  by  the  scaled  ship's  image.  This  feature  is  not  considered 
a  significant  cost  factor;  given  the  benefit  to  shiphandling  performance  and  subject 
acceptance  it  should  be  included  in  all  subsequent  GRAPHIC  display  experiments. 
Reduction  of  the  GRAPHIC  display  scale  can  be  expected  to  yield  further  increases 
in  shiphandling  performance  as  a  function  of  improved  spatial  resolution. 

As  a  result  of  the  miniexperiment  findings,  it  is  recommended  that  two 
GRAPHIC  displays,  both  track  up,  true  motion  with  a  scaled  ship's  image  be  included 
in  the  RA-1  experiment.  The  display  variables  to  be  reevaluated  in  the  full  length 
scenario  are  heading  vector  and  course  vector.  Two  additional  GRAPHIC  displays 
for  the  presentation  of  predictor  steering  information  are  also  suggested  for 
evaluation  by  RA-1. 
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FIGURE  3.  SUMMARY  OF  TRACKKEEPING  BETWEEN  GRAPHIC  DISPLAYS 


The  PERSPECTIVE  display  while  experiencing  a  significantly  higher  incidence  of 
rudder  activity  through  the  bend,  and  subsequent  difficulty  returning  to  the  exit  leg 
centerline,  should  be  further  evaluated  in  a  more  challenging  scenario  than  that 
experienced  in  the  miniexperiment.  Differences  in  performance  between  the  60- 
degree  and  90-degree  field  of  view  displays  were  substantial.  Based  on  (1)  subject 
opinions,  (2)  the  ability  to  see  more  of  the  channel  abeam  for  an  easier 
determination  of  drift  angle,  and  (3)  the  ability  to  see  the  point  longer  through  a 
bend,  the  90-degree  field  of  view  is  suggested  for  use  in  all  subsequent,  full-length 
simulations.  No  modifications  to  the  PERSPECTIVE  display  are  warranted  as  a 
result  of  the  miniexperiment  analysis.  As  a  result  of  the  miniexperiment  findings  it 
is  recommended  that  the  90-degree  perspective  display  be  included  in  the  RA-1 
experiment  for  reevaluation  in  the  full  length  scenario. 

Results  of  the  DIGITAL  display  analysis  support  its  effectiveness  both  in 
trackkeeping  through  straight  legs  and  in  turnmaking.  Operational  goals  of  the 
DIGITAL  concept,  however,  were  not  compatible  with  those  of  the  other  concepts  in 
that  a  turn  radius  of  0.8  nm  requiring  only  a  10-degree  rudder  was  described  by  the 
DIGITAL  display  while  evidence  suggests  that  the  simulated  turn  would  normally  be 
executed  using  15-  to  20-degree  rudder. 

As  a  result,  significant  undershoot  of  the  turn  is  indicated.  Modification  of  the 
DIGITAL  program  to  accommodate  a  0.5  nm  radius  turn  (e.g.,  requiring  a  20-degree 
initial  rudder)  will  ensure  both  acceptable  tracking  through  the  turn  and  bring  the 
operational  requirements  more  in  line  with  the  GRAPHIC  and  PERSPECTIVE 
displays. 

Analysis  of  performance  when  using  steering  cues  shows  that  course  error  was 
either  better  understood  by  the  subjects  or  more  trusted  than  heading  to  steer. 
When  no  steering  cues  were  provided,  subjects  experienced  a  greater  variability  in 
attempting  to  return  to  the  channel  centerline  beyond  the  turn.  Other  variability 
measures  at  initial  rudder  suggest  that  all  DIGITAL  runs  were  made  equally  well 
regardless  of  whether  steering  cues  were  provided  or  not.  The  presence  of  this 
significant  variability,  however,  does  suggest  that  the  steering  cues  (at  least  course 
error)  should  be  further  examined  in  a  scenario  with  lengthy  straight  legs. 

The  display  of  time  to  leadline  instead  of  distance  to  leadline  was  shown  to 
promote  small  variability  among  subject  groups  particularly  in  the  application  of 
initial  rudder.  End  results  of  the  turn  maneuver,  however,  show  no  overshoot  of  the 
bend  and  comparable  excellent  alignment  on  the  centerline  after  the  turn  was 
completed.  This  suggests  that  the  variability  in  initiating  the  turn  rudder  was  not 
sufficient  to  effect  the  overall  performance  in  what  evolved  as  a  very  gradual 
maneuver.  Regardless  of  whether  time  or  distance  cues  are  presented  on  the 
DIGITAL  display,  little  effect  on  individual  determination  of  the  haul  point  is 
expected. 

As  a  result  of  the  miniexperiment  findings  it  is  recommended  that  two  DIGITAL 
displays  be  included  in  the  RA-1  experiment,  one  substantially  modified  from  the 
miniexperiment.  The  modified  display  would  include  no  turnmaking  information  and 
both  would  require  manual  selection  of  the  turn  initiation  or  haul  point  by  the 
operator. 

Measures  and  statistical  techniques  employed  in  the  miniexperiment  are 
considered  adequate  for  the  somewhat  limited  analysis  which  was  required.  Among 
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conclusions  gleened  from  the  experiment  is  the  need  for  a  more  in-depth  analysis  of 
trackkeeping  including  track  means  and  standard  deviation  (variability)  plots 
especially  through  the  straight  legs  and  within  the  bend.  A  more  comprehensive, 
structured  retrieval  of  subject  appraisals  and  display  critique  is  also  warranted. 
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Section  2 

EXPERIMENT  OVERVIEW 


The  evaluation  of  electronic  radio  aids  to  navigation  displays  is  being  conducted 
to  determine: 

1)  a  highly  effective  display(s)  for  the  presentation  of  navigation  information 

2)  tradeoffs  of  cost  versus  effectiveness  for  the  design  of  navigation  display 
systems 

3)  impact  of  display  design  on  operator  performance  and  safe  navigation  through 
restricted  waterways  in  poor  visibility 

4)  system  filter  requirements  for  achieving  acceptable  pilotage  with  a  highly 
effective  display(s) 

5)  noise  parameters  which  can  be  tolerated  by  the  resultant  display(s)  and 
filter(s)  to  achieve  acceptable  pilotage 

The  study  diagramed  in  Figure  4  began  by  evaluating,  through  operational 
simulation,  numerous  promising  state-of-the-art  display  concepts  using  perfect 
information  for  positioning  ownship.  An  abbreviated,  miniexperiment  was  conducted 
on  18  different  display  formats  to  eliminate  many  of  the  original  variables, 
recommending  only  the  most  effective  ones  for  more  extensive,  more  costly  RA-1 
evaluation.  The  miniexperiment  and  recommendation  of  display  formats  for  further 
evaluation  is  the  subject  of  this  report. 

2.1  DISPLAY  DESIGN  RATIONALE 

Three  unique  display  technologies  were  evaluated  in  the  miniexperiment  as  a 
function  of  their  potential  cost  of  design  and  implementation  in  real  world 
applications.  The  concept  of  display  technology  in  the  low,  moderate,  and  high  cost 
categories  is  one  of  visual  display  capability  (e.g.,  graphics  versus  alphanumerics), 
computer  capability  (e.g.,  speed,  memory),  and  computer  program  development 
requirements  (e.g.,  geographic  inputs,  shipboard  sensor).  See  Section  6.2  for  a 
discussion  of  the  cost  and  hardware  analysis  of  each  display. 

The  lowest  cost  display  is  represented  as  an  all  DIGITAL  readout  of  parameters 
such  as  shown  in  Figures  5  and  6.  It  is  assumed  that  alphanumeric  and  numeric  only 
displays  would  not  be  significantly  cost  distinctive.  For  test  purposes  the  digital 
readouts  are  displayed  on  a  cathode  ray  tube  (CRT),  while  actual  applications  of  this 
type  display  might  use  light  emitting  diode  (LED),  liquid  crystal  display  (LCD), 
plasma  panel  (gas  discharge),  or  multiple-projection  readouts. 

The  more  costly  display  technology  is  represented  by  a  CRT  display  capable  of 
both  alphanumeric  and/or  graphic  presentation  such  as  shown  in  Figure  7.  This 
technology  requires  computer  capabilities,  provisions  for  data  storage  and  retrieval, 
and  input  methods  whether  manual  or  automatic.  Actual  cost  of  this  type  of 
equipment  can  range  from  a  moderately  priced  system  presently  being  developed  for 
the  United  States  Coast  Guard  by  Applied  Physics  Laboratory  to  the  more  idealistic 
approach  ~for  predictor  steering  systems  or  perspective  view  displays.  The 
moderately  priced  APL  system,  which  will  be  represented  in  simulation  as  a 
GRAPHIC  display,  uses  a  limited  graphics  and  alphanumerics  CRT,  a  microprocessor 
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FIGURE  0.  PLAN  FOR  THE  EVALUATION  OF  ELECTRONIC  NAVIGATION  DISPLAYS 


CROSSTRACK  DISTANCE: 

24 

FT  ► 

CROSSTRACK  SPEED. 

28 

FT/MIN 

COURSE  ERROR: 

4 

DEG 

TURN  RATE: 

1 

DEG/MIN-* 

DISTANCE  TO  LEAOUNE 

0.3 

NM 

j  FIGURE  5.  EXAMPLE  OF  DIGITAL  DISPLAY  AT  BEGINNING  OF  EXPERIMENT 

i 
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CROSSTRACK 

DISTANCE: 

784 

FT  ► 

CROSSTRACK 

SPEED: 

1857 

FT/MIN  »■- 

TURN  RATE: 

20 

DEG/MIN--* 

RECOMMENDED  TURN  RATE: 

24 

DEG/MI  N-«* 

FIGURE  6.  EXAMPLE  OF  DIGITAL  DISPLAY  AT  BEND 


TRACK  vjR 


FIGURE  7.  EXAMPLE  OF  GRAPHIC  DISPLAY 
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and  relatively  inexpensive  memory  and  input  techniques.  The  moderately  priced 
category  will  also  include  a  PERSPECTIVE  display  with  a  view  similar  to  what  the 
pilot  sees  out  the  forward  windows  (see  Figure  3). 

Capabilities  of  this  moderately  priced  category  will  fluctuate  to  some  degree 
with  the  cost  of  system  definition  and  procurement.  Regardless  of  this  variability, 
however,  its  cost  remains  unique  compared  to  that  of  extensive,  high-speed 
capabilities  required  for  computing  ship's  hydrodynamic  characteristics,  navigational 
data,  chart  information,  and  ship  operating  parameters  characteristic  of  ven  more 
sophisticated  systems.  For  this  reason  a  high  priced  category  will  also  be  evaluated 
in  the  future  RA-1  experiment.  This  category  will  consist  of  one  GRAPHIC  display 
which  exhibits  a  computed  track  prediction  based  upon  hydrodynamic  algorithms  and 
ship  status  inputs  (e.g.,  predictor  steering  display).  Each  of  the  DIGITAL, 
GRAPHIC,  and  PERSPECTIVE  displays  contain  a  number  of  unique  information  or 
forma:  characteristics.  The  introduction  of  color  to  any  of  the  displays  could  have 
an  impact  on  their  cost.  This  capability,  however,  is  not  being  addressed  in  the 
program. 

Because  some  of  the  displays  were  obviously  more  beneficial  or  detrimental  to 
effective  display  utilization  than  others,  it  was  decided  to  perform  inexpensive, 
abbreviated  simulations  before  engaging  in  the  more  costly,  full-length  evaluation. 
As  a  result,  a  mimexperiment  was  conducted  using  the  displayed  information 
described  in  Table  2  as  a  variable. 

The  predictor  steering  format  of  the  GRAPHIC  display  was  not  examined  in  the 
mimexperiment  since  previous  researcn  had  documented  its  numerous  benefits, 
making  its  inclusion  in  the  full-length  RA-1  experiment  inevitable. 


FIGURE  8.  EXAMPLE  OF  PERSPECTIVE  DISPLAY 
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TABLE  2.  MINIEXPERIMENT  VARIABLE  LEVELS 


DIGITAL  DISPLAY  (low  cost) 

Crosstrack  distance  from  centerline 

Crosstrack  velocity 

Course  error 

Heading  to  steer 

Turn  rate 

Recommended  turn  rate 
Distance  to  leadline 
Time  to  leadline 


GRAPHIC  DISPLAY  (moderate  cost) 

Track-up,  true  motion 
Track-up,  relative  motion 
Head-up,  relative  motion 
Ship  heading  vector 
Ship  course  vector 
Scaled  ship  image 
Symbolic  (cross)  ship  image 

PERSPECTIVE  DISPLAY  (moderate 
cost) 

60  degree  field  of  view 
90  degree  field  of  view 


2.2  DESIGN  OF  THE  MINIEXPERIMENT 


Rationale  for  the  design  of  a  miniexperiment  to  eliminate  ineffectual  or 
potentially  unsafe  displays  was  based  on  anticipated  display  usage  and  known 
shiphandling  requirements.  It  was  decided  that  to  be  considered  a  candidate  for  full 
scenario  simulation  the  display  must  at  least  be  capable  of  guiding  the  pilot  safely 
around  a  single  35-degree  bend  in  the  channel.  If  this  could  not  be  achieved  the 
display's-  benefit  would  be  significantly  diminished  regardless  of  its  advantages  in 
other  segments  of  the  scenario. 

The  miniexperiment  originated  approximately  0.75  nautical  miles  (nm)  from  the 
bend  and  terminated  in  12  minutes,  approximately  0.75  nm  above  it.  This  provided 
ample  time  for  the  subjects  to  demonstrate  some  trackkeeping  ability  with  the 
display,  initiate  and  conduct  a  35-degree  course  change  within  defined  boundaries, 
and  steady  on  the  new  trackline.  All  environmental  conditions  and  ship  control 
characteristics  of  the  fuli-length  scenario  were  contained  in  the  miniexperiment. 
This  will  provide  for  additional  validation  by  comparing  the  two  experiments  and 

2 

relating  resultant  performance  to  comparable  runs  in  the  AN-CAORF  and  AN- 
VISUAL^  experiments. 


2 

Eclectech  Associates,  Inc.,  Aids  to  Navigation  Presimulation  Report,  AN-CAORF, 
United  States  Coast  Guard,  September  1979. 

^Eclectech  Associates,  Inc.,  Aids  to  Navigation  Presimulation  Report,  AN-Visual 
Experiment,  United  States  Coast  Guard,  October  l$/9. 
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Section  3 

EXPERIMENTAL  DESIGN 


The  miniexperiment  was  intended  as  a  brief  overview  of  the  overall  effectiveness 
and  potential  operator  acceptance  of  various  formats  of  DIGITAL,  GRAPHIC,  and 
PERSPECTIVE  radio  aids  to  navigation  displays.  These  display  formats  represented 
the  primary  variable  of  the  experiment  and  aus  such,  received  priority  treatment  in 
the  experimental  design.  Individual  subject  4  - 'erenc^s,  order  effects  (learning),  and 
secondary  effects  such  as  helmsman  performance  were  also  considered.  Each 
subject  was  administered  explicit  instruction  cm  the  use  of  the  display  prior  to 
every  run.  The  instructions  are  presenter!  in  Appendix  A. 

3.1  DISPLAY  VARIABLES 

The  DIGITAL  display  was  designed  to  provide  trackkeeping  and  turnmaking 
information  that  would  enable  a  pilot  to  transit  the  waterway  while  using  an 
inexpensive  DIGITAL  (alphanumeric  or  numeric  only)  display.  The  display  could 
conceivably  be  handheld  or  bridge  mounted,  but  would  receive  its  information  from  a 
microprocessor  and  high  precision  radio  navigation  system.  Table  3  shows  the 
variable  levels  simulated  in  the  evaluation  of  the  DIGITAL  display. 

Only  one  level  of  trackkeeping  information  (TKI)  was  used  along  with  each  level 
of  turnmaking  information  (TMI).  These  levels  were  counterbalanced  among  subjects 
in  the  experimental  design  to  accommodate  the  learning  effect.  When  using  the 
DIGITAL  display,  the  following  information  was  provided  to  each  subject  in  the  first 
leg: 


1)  CROSSTRACK  DISTANCE  shown  in  feet  to  the  right  or  left  of  the  channel 
centerline  with  its  direction  indicated  by  arrows, 

2)  CROSSTRACK  SPEED  shown  in  feet  per  minute  with  an  arrow  pointing  in  the 
direction  that  ownship  is  moving, 

3)  TURN  RATE  shown  in  degrees  per  minute  with  an  arrow  indicating  the 
direction  right  or  left, 

4)  DISTANCE  TO  LEADLINE  shown  in  nm.  The  leadline  is  the  point  at  which 
the  turn  should  be  initiated.  It  is  calculated  in  advance  based  on  making  the  turn 
with  a  standard  (10  degree)  rudder,  or 


TABLE  3.  DIGITAL  DISPLAY  VARIABLE 


TRACK  KIKHNC 

INFORMATION 

(TKI) 

TURNMAKINO 

INFORMATION 

(TMI) 

LEVEL  1 

CROttTRACK  OUTANCt 
CROttTRACK  SFftO 

TURN  RATI 

RtCOMMCNOfO  TURN  RATf 1 
OtfTANCI  TO  iKAOUNt 

LEVEL  2 

CROttTRACK  OUTANCt 
CROttTRACK  SRtIO 
COURtt  tRROR 

TURN  RATf  j 

RtCOMMCNOfO  TURN  RATf  | 
TIMC  TO  LIAOLINC 

LEVEL  3 

CROttTRACK  OUTANCt 
CROttTRACK  IFCtO 
HCAOtNQ  TO  STtIR 

_ 
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5)  TIME  TO  LEADLINE  shown  in  minutes.  This  is  continuously  calculated  based 
on  ownship's  speed. 

Once  ownship  has  reached  the  leadline,  information  for  CROSSTRACK  DIS¬ 
TANCE  and  CROSSTRACK  SPEED  is  calculated  to  the  new  leg.  TIME  TO 
LEADLINE  or  DISTANCE  TO  LEADLINE  disappears  and  the  subject  is  shown  a 
RECOMMENDED  TURN  RATE  which  he  must  try  to  match  with  ownship's  TURN 
RATE.  This  recommended  turn  rate  is  continuously  calculated  so  that  if  the  subject 
is  able  to  achieve  and  maintain  it,  he  will  arrive  on  the  centerline  of  the  new  leg 
even  taking  into  account  wind  and  current  factors.  Once  ownship's  heading  is  within 
5  degrees  of  the  new  leg,  RECOMMENDED  TURN  RATE  disappears  and  TIME  TO 
LEADLINE  or  DISTANCE  TO  LEADLINE  to  the  next  bend  is  presented.  Thus 
alphanumeric  information  is  the  only  guidance  which  pilots  receive  when  using  the 
DIGITAL  display.  There  were  six  possible  combinations  of  the  DIGITAL  format 
variable  and  each  subject  was  administered  the  miniexperiment  scenario  using  all  six 
as  shown  in  Table  4,  the  experimental  design. 

The  GRAPHIC  display  was  designed  to  provide  a  pictorial  representation  of 
ownship  in  the  waterway  very  similar  to  the  way  it  is  viewed  on  radar  or 
contemporary  collision  avoidance  and/or  navigation  option  displays.  This  display 
would  be  cabinet  mounted  requiring  a  CRT  with  accompanying  support  electronics 
and  a  data  processor  system.  As  such,  it  could  conceivably  provide  a  large  variety 
of  display  features  or  could  be  limited  to  a  few.  Thus,  the  basis  for  evaluating  the 
GRAPHIC  display  was  to  determine  which  of  the  display  features  are  most  effective 
and  if  any  combinations  are  actually  detrimental  to  safe,  effective  shiphandling. 

Table  5  shows  the  variable  levels  simulated  in  the  evaluation  of  the  GRAPHIC 
display.  Note  that  three  display  orientations  (DO),  two  different  types  of  ship 
vectors  (SV),  and  two  different  ship  images  (SI)  were  tested.  These  levels  were  also 
counterbalanced  among  subjects  to  accommodate  the  learning  process. 

When  using  each  GRAPHIC  display  it  was  oriented  as  one  of  the  following: 

1)  TRACK-UP,  TRUE  MOTION  where  ownship  originates  1/4  the  display 
diameter  from  the  bottom  of  the  screen  and  resets  after  it  has  traveled  3/4  of  the 
distance  across  the  screen.  With  the  track-up  mode,  the  picture  comes  on  with  the 
channel  centerline  oriented  up  and  ownship  moving  through  it.  Once  the  turn  is 
completed  (approximately  one  ship  length  beyond  the  turn)  the  display  automatically 
changes  to  the  new  track-up  and  ownship  resets  to  the  bottom  of  the  screen. 

2)  TRACK-UP,  RELATIVE  MOTION  in  which  ownship's  image  always  remains  in 
the  center  of  the  screen.  Channel  centerline  is  always  oriented  up  and  ownship 
revolves  relative  to  it. 

3)  HEAD-UP,  RELATIVE  MOTION  in  which  the  bow  of  ownship  and  subsequently 
the  gyrocompass  heading  is  always  up  and  all  motion  revolves  around  ownship. 

Ownship's  image  exhibited  either: 

1)  HEADING  vector  which  corresponds  to  gyroheading  and  is  drawn  to  the  edge 
of  the  screen,  or 

2)  COURSE  vector  which  represents  the  course-made-good  of  ownship  and  is 
drawn  for  the  distance  ownship  will  travel  in  3  minutes. 
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TABLE  5.  GRAPHIC  DISPLAY  VARIABLE 


OISPl  AY 
ORIENTATION 

100) 

SHIP  VECTOR 

fsv) 

SHIP  IMAGE 

(SI) 

LEVEL  1 

TRACK-UP 

TRUE 

MOTION 

heading 

1 

SCALED 

1 

LEVEL  2 

TRACKUP 

RELATIVE 

MOTION 

COURSE 

\ 

I 

SYMBOLIC 

1 

+ 

LEVEL  3 

HEAD-UP 

RELATIVE 

MOTION 

Ownship  was  shewn  either  as  a: 

1)  SCALED  ship's  image  of  actual  shape  and  size  scaled  to  the  display  range,  or 

2)  SYMBOLICALLY  represented  as  a  cross  (+)  approximately  1/2  inch  in 
diameter. 

Pictorial  information  was  the  only  guidance  which  pilots  received  when  using  the 
GRAPHIC  display.  There  were  12  possible  combinations  of  the  format  variable; 
however,  the  scaled  image  with  either  heading  or  course  vectors  were  the  only  levels 
tested  using  the  head-up,  relative  motion  display.  During  design  of  the  experiment, 
it  was  concluded  that  an  adequate  evaluation  of  symbolic  (i.e.,  cross)  versus  scaled 
ship's  image  could  be  made  with  the  track-up  orientation  and  that  repeating 
symbolic  imagery  in  the  head-up  mode  was  unnecessary.  This  reduced  the  number  of 
GRAPHIC  displays  to  be  simulated  to  10.  Each  subject  was  administered  the 
miniexperiment  using  the  10  displays  as  indicated  in  Table  4,  the  experimental 
design. 

The  PERSPECTIVE  display  was  designed  to  portray  the  perspective  scene  as 
viewed  out  the  forward  bridge  windows.  There  was  no  attempt  to  reproduce  a  field 
of  view  (FOV)  similar  to  that  seen  through  the  windows,  but  instead,  FOV  was  used 
as  a  display  variable  to  promote  display  effectiveness.  It  was  hypothesized  that 
given  a  certain  vessel  size,  channel  width,  and  height  of  eye  above  the  water,  only 
one  FOV  would  be  optimal  for  the  pilotage.  Table  6  shows  the  variable  levels 
simulated  in  the  evaluation  of  the  PERSPECTIVE  display.  When  using  each 
PERSPECTIVE  display  the  picture  represented  either  a: 

1)  60-degree  FOV,  45  foot  height  of  eye  and  bridge  located  200  feet  back  from 
the  bow;  or 

2)  90-degree  FOV,  the  same  eye  location. 


TABLE  6.  PERSPECTIVE  DISPLAY  VARIABLE 


FIELD  OF 

VIEW 

(FOV) 

1 

LEVEL  l 

«o» 

LEVEL  2 

90° 

A  30-ciegree  FOV  was  examined  prior  to  design  of  the  experiment  but  was  found 
to  be  too  narrow  for  observing  both  boundaries  of  the  channel  throughout  the  bend. 
The  60-degree  and  90-degree  levels  of  the  format  variable  were  counterbalanced  to 
accommodate  learning.  Both  were  administered  to  subjects  as  shown  in  TaDle  4,  the 
experimental  design. 

All  parameters  of  environment,  ship  hydrodynamics,  bridge  personnel,  bridge 
arrangement,  and  display  characteristics  such  as  update  rate,  contrast,  resolution, 
legibility,  etc.,  were  kept  constant.  Scenario  characteristics  were  controlled  as 
much  as  possible  given  the  subjects'  freedom  to  order  rudder  and  course  commands, 
and  vary  propeller  rpm.  Subjects  were,  however,  instructed  to  stay  in  the  center  of 
the  channel  and  maintain  7  knots  through  the  water  as  best  they  could.  This  ensured 
scenario  consistency. 

3.2  SIMULATOR  FACILITY 

The  simulator  used  in  the  miniexperiment  was  developed  at  and  by  Eciectech 
Associates,  Inc.,  to  evaluate  advanced  bridge  displays  such  as  the  electronic  radio 
aids  to  navigation  display.  Previous  research  by  the  U.S.  Maritime  Administration 
has  been  conducted  at  this  facility  for  evaluations  of  short  range  collision  avoidance 
displays,  maritime  radar  interrogator/transponder  systems,  predictor  steering 
displays,  and  precision  navigation  displays. 

The  primary  apparatus  which  was  used  is  a  Digital  Equipment  Corporation  GT-44 
computer  graphics  system  with  PDP-ll/40  central  processor  and  VT-ll  graphic 
generation  hardware.  The  VR-17  CRT  display  is  mounted  in  a  free  standing  pedestal 
comparable  to  bridge  installed  planned  position  indicator  (PP!)  systems.  It  is  located 
on  the  centerline  of  the  ship  and  against  the  forward  bulkhead  of  the  bridge  just 
below  the  gyrocompass  repeater.  The  helm,  engine  order  telegraph,  rudder  angle 
indicator,  and  rpm  indicators  are  installed  on  a  steering  console,  located  to  the  right 
of  center  and  also  forward  as  shown  in  Figure  9.  This  arrangement  is  solely  for  the 
benefit  of  the  experiment,  enabling  the  subject  to  monitor  ail  ship  control  functions 
with  minimum  distraction.  It  is  noted  that  without  a  visual  scene  the  helmsman  does 
not  require  a  visual  range  for  steering  and  is  able  to  maintain  course  using  his  own 
console  mounted  gyro  repeater.  Figure  10  illustrates  the  simulator  facility,  which 
consists  of: 
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FIGURE  9.  SIMULATOR  WHEELHOUSE 


•  wheelhouse 

•  ship's  controls 

•  ship's  indicators 

•  radio  aids  to  navigation  display 

•  scene  projection  system 

•  PDP  11/ AO  with  requisite  interface  equipment 

•  data  reduction  facility 

The  Wheelhouse.  The  wheelhouse  is  a  structural  mockup  approximately  16  feet 
wide  and  11  feet  deep.  Additional  facilities  include  a  chart  table  with  chart 
stowage.  The  lighting  in  the  wheelhouse  can  be  varied  to  night  operating  conditions. 

Ship's  Controls.  The  control  mechanisms  found  in  the  bridge  simulator  are  tied 
directly  to  the  PDP  11/40  computer,  providing  the  proper  inputs  for  ship's  controls 
with  resultant  ship's  motion  incorporated  in  the  visual  image.  These  control 
mechanisms  include  the  following: 

•  a  ship's  wheel  and  helm  unit 

•  an  engine  order  telegraph  which  provides  control  of  the  ship's  speed  both 
ahead  and  astern.  Propeller  rpm  is  determined  by  ownship  characteristics 
programmed  into  the  computer 
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FIGURE  10.  SIMULATOR  FACILITY 


Ship's  Indicators.  The  indicators  available  to  provide  information  to  the  pilot 
include: 

•  a  gyrocompass  overhead  repeater  and  console  mounted  repeater  providing 
indications  of  ownship's  heading  as  transmitted  by  the  computer 

•  a  shaft  rpm  indicator  that  shows  the  shaft  rpm  transmitted  by  the  computer 

•  a  rudder  angle  indicator 

•  a  ship's  clock  which  has  been  modified  to  show  scenario  time 

Radio  Aids  to  Navigation  Display.  The  electronic  bridge  display  unit  is  capable 
of  presenting  a  variety  of  information  displays  to  the  pilot. 

The  PDP  11/40  Computer.  The  PDP  11/40  computer  provides  dynamic  signals  for 
the  electronic  bridge  display  or  visual  system.  These  signals  are  modified  by  the 
appropriate  program  to  reflect  ow.-.ship’s  characteristics  including  maneuverability, 
visibility,  hydrodynamic  influences,  and  individual  scenario  conditions. 

Data  Reduction  Facility.  The  computer  facilities  are  configured  to  provide 
supporting  data  reduction  and  analysis  with  a  minimum  of  data  manipulation  or 
conversion. 

3.3  SCENARIO  DEVELOPMENT 

The  scenario  selected  for  the  miniexperiment  is  shown  in  Figure  11.  It  is  an 
abbreviated  version  of  the  1-hour  transit  which  will  be  simulated  in  all  subsequent 
radio  aids  to  navigation  experiments.  The  only  difference  is  that  in  the 
miniexperiment  ownship  is  initially  positioned  0.75  nm  from  the  bend  and  terminates 
approximately  0.75  nm  beyond  it. 

The  scenario  was  selected  from  among  those  simulated  in  the  Aids  to  Navigation 
AN-CAORF  experiment.  It  contained  a  35-degree  left  bend,  considered  worse  case 
representative  of  a  majority  of  inland  waterways  and  river  bends.  Measurement  of 
subject  performance  from  the  radio  aids  to  navigation  experiment  can  then  be 
compared  to  performance  in  the  AN-CAORF  and  AN-VISUAL  runs.  This  comparison 
should  enable  a  better  appreciation  of  the  time  value  and  safety  effectiveness  of  the 
navigation  displays,  particularly  after  they  are  simulated  in  the  more  realistic  noise 
environment. 

Each  subject  was  instructed  to  keep  in  the  center  of  the  500  foot  wide,  36  foot 
deep  channel.  Ownship  was  a  30,000  dwt  tanker,  595  feet  LOA,  84  foot  beam  and  34 
foot  draft.  There  was  a  following  current  through  the  first  leg  at  an  average  of  1 
knot.  It  gradually  reduced  to  3/4  knot  at  the  bend  and  became  a  crosscurrent  beyond 
the  bend.  Wind  was  also  from  astern  in  the  first  leg,  varying  around  30  knots.  This 
force  did  not  diminish  but  became  a  cross  wind  beyond  the  bend.  Because  the  ship 
was  in  ballast,  both  current  and  wind  had  a  significant  effect  on  its  handling.  There 
was  some  weathervaning  attributable  to  the  crosswind  in  the  second  leg. 

The  scenario  channel  consisted  of  a  341 -degree  (true)  first  leg  and  306-degree 
(true)  second  leg.  Charts  provided  to  the  subject  showed  ownship's  original  position, 
a  dead  reckoning  line,  channel  boundaries  as  short  dashed  lines,  ana  shoal  contours 
outside  the  channel. 
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Previous  experimental  data  from  comparable  scenarios  reveal  that  subjects  will 
enter  the  turn  with  little  crosstrack  variation  but  will  be  at  unique  distances  into  the 
bend  as  a  result  of  personal  preference.  Because  of  individual  maneuvering 
strategies  as  well  as  resultant  performance  differences,  subjects  are  expected  to 
exit  the  turns  with  greater  crosstrack  variance  but  with  a  crosstrack  mean  close  to 
the  centerline.  Given  optimal  information  for  turnmaking  and  compliance  with 
requirements  to  keep  to  the  center  of  the  channel  for  trackkeeping,  it  should  be 
possible  to  achieve  both  a  low  variance  (small  standard  deviation)  and  mean  track  on 
the  centerline  for  the  entire  subject  group.  Performance  was  therefore  measured  as 
a  function  of  trackkeeping  variance  and  mean  track-made-good.  Subjects  were  also 
scored  on  how  they  controlled  speed  and  their  use  of  rudder  to  negotiate  the  turn. 

3.4  SUBJECT  SELECTION 

Six  individuals  with  pilotage  experience  acted  as  subjects  for  the  miniexperi¬ 
ment.  Each  subject  used  all  18  variations  of  the  DIGITAL,  GRAPHIC,  and 
PERSPECTIVE  displays.  Runs  were  completed  in  less  than  6  hours  allowing  time 
between  runs  for  critique  of  the  previous  display,  instructions  for  the  next  display 
and  questions.  The  instruction  sheets  are  presented  in  Appendix  A.  All  subjects 
selected  were  familiar  with  the  response  characteristics  of  a  30,000  dwt  tanker. 
Nevertheless,  they  were  given  opportunity  to  maneuver  the  simulated  ship  prior  to 
the  first  run. 

All  subject  comments  both  during  and  after  each  run  were  recorded  and  analyzed 
(see  Section  4.0).  Subject  performance  was  also  observed  for  signs  of  anxiety, 
stress,  fatigue,  etc.,  as  well  as  for  any  particular  difficulties  and  compliance  with 
accepted  bridge  watch  procedures.  In  general,  all  subjects  responded  well  to  the 
tasks  required  and  their  performance  was  considered  valid  to  accomplish  the 
objectives  of  the  miniexperiment. 

3.5  ADMINISTRATION 

Administration  of  the  display  variable  was  designed  to  investigate  within  subject 
effects,  thus  minimizing  individual  differences  and  encouraging  a  higher  probability 
of  finding  significance  than  would  be  experienced  by  between  subject  effects.  This, 
of  course,  meant  a  large  number  of  scenario  repetitions  for  each  subject  with  the 
resultant  possibility  of  introducing  order  effect  (e.g.,  learning,  anticipation,  boredom 
caused  solely  by  repetition).  For  this  reason,  a  test  for  order  effect  was  conducted 
on  all  data. 

Table  7  displays  the  actual  subject  assignments  which  were  derived  from  the 
experimental  design  (see  Table  4).  Note  that  the  order  of  administration  of  ail 
variables  is  counterbalanced  to  compensate  for  learning.  Abbreviations  (e.g.,  TKI, 
TMI,  DO,  SV,  SI,  and  FOV)  are  used  to  identify  each  variable  and  numbers  (e.g.,  1,  2, 
or  3)  identify  each  level.  These  are  described  in  Tables  3,  5,  and  6. 

Subject  assignments  defines  the  order  in  which  all  variables  were  administered. 
For  example,  subject  1  first  used  the  DIGITAL  display  which  included  crosstrack 
distance  and  crosstrack  speed  only  (TKI- 1),  turn  rate,  recommended  turn  rate,  and 
distance  to  leadline  (TMI-1).  For  his  second  run  he  used  the  DIGITAL  display  again, 
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with  the  same  trackkeeping  information  (TKI-1)  but  with  time  to  leadline  instead  of 
distance  to  leadline  (TMI-2).  The  variables  for  his  other  runs  and  the  other  subjects' 
runs  can  similarly  be  determined  from  Table  7. 

In  summary,  the  experimental  design  permitted  the  best  mix  of  administration 
options  to  perform  the  miniexperiment  inexpensively  and  expediently  yet  retaining 
the  necessary  requirements  to  ensure  statistical  validity  and  confidence. 
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TABLE  7.  SUBJECT  ASSIGNMENTS 

SUBJECT  NUMBER 


TRATION 

1 

2 

3 

4 

5 

6 

l 

1-1* 

3-1-1** *** 

j 

3-2-1 

1-2 

2 

2 

1-2 

3-2-1 

2 

3-1-1 

1-1 

1 

3 

2-1 

1-1-2 

2-1 

1-2-1 

2-2 

2-2 

4 

2-2 

1-1-1 

2-2 

1-2-2 

2-1 

2-1 

5 

3-1 

1-2-2 

3-1 

1-1-1 

3-2 

3-2 

6 

3-2 

1-2-1 

3-2 

1-1-2 

3-1 

3-1 

7 

1-1-1 

2-1-2 

1-1 

2-2-1 

1-2-2 

1-2 

8 

1-1-2 

2-1-1 

1-2 

2-2-2 

1-2-1 

1-1 

9 

1-2-1 

2-2-2 

2-1-1 

2-1-1 

1-1-2 

2-2-2 

10 

1-2-2 

2-2-1 

2-1-2 

2-1-2 

1-1- 1 

2-2-1 

11 

2-1-1 

2 

2-2-1 

1 

2-2-2 

2-1-2 

12 

2-1-2 

1 

2-2-2 

2 

2-2-1 

2-1-1 

13 

2-2-1 

3-1 

3-1-1 

3-2 

2-1-2 

3-2-1 

14 

2-2-2 

3-2 

3-2-1 

3-1 

2-1-1 

3-1-1 

15 

3-1-1 

l-l 

1-1-1 

1-2 

3-2-1 

1-2-2 

16 

3-2-2 

1-2 

1-1-2 

1-1 

3-1-1 

1-2-1 

17 

1 

2-1 

1-2-1 

2-2 

2 

1-1-2 

18 

2 

2-2 

1-2-2 

2-1 

l 

1-1-1 

*2  digit  number  indicates  levels  of  TKI-TMI  for  DIGITAL  display 

**3  digit  number  indicates  levels  of  DO-SV-SI  for  GRAPHIC  display 

***1  digit  number  indicates  level  of  FOV  for  PERSPECTIVE  display 
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Section  4 

DATA  COLLECTION  AND  ANALYSIS 


Data  on  the  trackkeeping  and  shiphandling  performance  of  subjects  was  recorded 
automatically  every  475  feet  along  the  channel  by  the  facility  computer  for 
subsequent  statistical  analysis  and  graphic  illustration.  Observed  data  and  subject 
comments  were  written  by  the  observer  during  the  simulations. 

The  analysis  was  conducted  in  two  stages.  The  first  stage  provided  a  preliminary 
overview  of  performance  by  combining  observed  data  with  crosstrack  measures  at 
the  entrance  and  exit  to  the  turn  and  rudder  actuations  required  to  accomplish  the 
turn.  This  behavioral  analysis  is  described  in  Section  4.1.  The  second  stage  of 
analysis  was  developed  as  an  analytic  technique  for  the  evaluation  of  trackkeeping 
to  be  used  in  the  AN-CAORF  and  AN-VISUAL  experiments.  It  was  used  in  the  radio 
aids  to  navigation  experiments  both  because  it  aided  in  the  interpretation  of 
statistical  measures  and  because  it  enabled  a  direct  comparison  of  performance 
between  all  other  aids  to  navigation  (AN)  experiments. 

4.1  BEHAVIORAL  ANALYSIS 

Subject  perceptions  of  each  format  were  elicited  by  asking  them  to  compare 
variables  within  each  DIGITAL,  GRAPHIC,  and  PERSPECTIVE  display.  The  intent 
of  this  survey  was  to  establish  preferred  displays  in  case  several  were  shown  to 
promote  comparable  performance  and  were  similar  enough  in  design  not  to  warrant 
re-evaluation.  These  opinions  were  not  statistically  tested  due  to  the  small  sample 
size.  They  were,  however,  quantified  and  are  presented  in  consideration  of  the 
overall  conclusions. 

A  qualification  of  trackkeeping  was  performed  by  statistically  analyzing 
crosstrack  deviation  (mean  distance  in  feet  from  the  centerline)  and  crosstrack 
variability  (one  standard '  deviation  of  subjects  about  the  mean)  at  two  different 
points  in  the  channel,  0.25  nm  before  the  bend  and  0.25  after  the  bend.  This  analysis 
was  designed  to  indicate  trackkeeping  ability  at  the  entrance  to  the  bend  and  again 
how  well  the  subject  recovered  from  the  turn.  Interpretation  of  trackkeeping 
performance  up  to  the  entrance,  through  the  bend,  and  after  the  recovery  was  the 
subject  of  the  second  stage  of  analysis. 

Two  rudder  actuations,  initial  rudder  and  check  rudder,  were  analyzed.  Also  the 
manner  in  which  subsequent  rudders  were  applied  was  addressed.  For  example,  some 
sub)ects  selected  an  initial  turn  rudder  and  maintained  it  throughout  the  maneuver. 
Others  intentionally  selected  a  large  rudder,  then  gradually  or  in  discrete  steps 
reduced  it  through  the  maneuver.  Still  other  subjects  initiated  the  swing  with  a 
given  rudder,  but  found  it  was  insufficient  to  sat  isf  act  or  ally  complete  the  maneuver. 
These  subjects  used  additional  rudder,  often  too  late,  to  recover  on  the  new  leg 
centerline.  Although  the  first  two  methods  describe  a  preferential  and  usually 
satisfactory  behavior,  the  latter  suggests  an  inadequate  estimation  of  rudder 
requirements  and  an  otherwise  deficient  behavior.  For  these  reasons,  not  only  was 
the  amount  of  initial  rudder  considered  in  the  behavioral  analysis,  but  also  the  ship's 
location,  heading,  subsequent  rudders,  and  final  location  in  the  new  leg. 

Because  all  rudder  angles  were  administered  in  discrete  steps  (e.g.,  5,  10,  15,  20 
degrees)  and  because  larger  rudder  angles  could  always  accomplish  the  turn  while 
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some  of  the  smaller  rudder  angles  might  not,  a  normal  distribution  of  rudder 
applications  could  not  be  assumed.  This  necessitated  the  selection  of  a  non- 
parametric  statistical  measure  for  the  overall  rudder  utilization  analysis.  The 
'■Vilcoxon  signed  rank  test  was  employed  to  enaole  paired  comparisons  of  all  runs  for 
each  display  by  ranking  differences  instead  of  absolute  values.  For  the  analysis  of 
trackkeeping  into  and  out  of  the  bena,  the  t-statistic  and  difference  of  variability  (F 
test)  were  used. 

All  reported  or  implied  significance  documented  in  the  behavioral  analysis  is  at 
the  90  percent  confidence  level. 

4.2  TRACKKEEPING  ANALYSIS 

To  augment  the  behavioral  analysis  and  aid  in  interpreting  the  trackkeeping 
performance  statistic,  track  plots  showing  the  group  mean  track  and  twice  the 
crosstrack  standard  deviation  were  constructed.  These  plots  were  drawn  for 
approximately  0.25  nautical  miles  either  side  of  the  bend.  The  track  lines 
represented  were  drawn  from  the  center  of  gravity  (CG)  of  ownship.  In  essence,  the 
shaded  envelope  typically  contains  all  individual  track  plots  for  the  selected  display 
variable  and,  assuming  that  the  subject  group  was  a  representative  sample  of  the 
pilot  population,  would  represent  95  percent  of  all  ship  tracks  made  under  similar 
operating  conditions.  The  trackkeeping  analysis  is  presented  in  Section  5.  All 
combined  track  plots  derived  as  a  result  of  the  experiment  are  contained  in 
Appendix  □. 
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Section  5 

RESULTS  AND  CONCLUSIONS 


In  light  of  the  measures  and  statistical  analyses  performed,  the  results  of  the 
miniexperiment  suggest  that  all  the  displays  evaluated  could  promote  a  safe  transit 
of  the  waterway  under  conditions  in  which  perfect  position  information  (i.e.,  no 
system  error)  was  portrayed  on  the  display.  Of  the  126  total  runs  which  were 
conducted  using  the  radio  aids  to  navigation  displays,  there  were  no  major  excursions 
from  the  channel. 

Two  DIGITAL  runs  with  HEADING  TO  STEER  information  were  excluded  from 
the  analysis  because  the  display  presented  erroneous  information  to  a  subject.  The 
cause  was  traced  to  an  inadvertent  programming  error  introduced  during  the 
presimulation  phase  of  the  experiment;  however,  none  of  the  other  variables  and 
only  one  subject's  runs  were  affected.  RemovaJ  of  two  runs  from  the  data  pool 
(n=34)  did  not  significantly  alter  the  experimental  results. 

In  general,  all  valid  runs  were  completed  without  major  difficulty  and  with  no 
obvious  detrimental  effect  on  traditional  pilotage  behavior.  Subjects,  however,  were 
noted  to  digress  from  their  normal  discrete  rudder  commands  (e.g.,  5  degrees,  10 
degrees,  15  degrees,  20  degrees)  when  using  the  digital  display.  They  ordered  6,  7, 
and  8  degrees,  etc.  This  behavior  resulted  from  attempts  to  match  "actual"  turn 
rate  with  "recommended"  turn  rate.  It  can  only  be  speculated  that  this  traditionally 
uncharacteristic  behavior  would  not  be  detrimental  to  real  world  pilotage.  The 
results  were  not  specifically  analyzed  in  the  miniexperiment,  but  its  close 
observation  and  scrutiny  is  recommended  for  all  subsequent  simulations. 

Other  unique  findings  and  recommendations  of  the  miniexperiment  are  presented 
in  the  following  comparisons  of  learning  effect,  between  DIGITAL,  GRAPHIC  and 
PERSPECTIVE  concepts,  and  between  individual  display  variables. 


5.1  ORDER  EFFECT  AND  PERFORMANCE  INDICATORS 

Due  to  time  constraints,  an  analysis  of  individual  subject  learning  effect  was 
relinquished  in  favor  of  comparing  all  subjects'  first,  middle,  and  final  runs 
regardless  of  which  display  they  had  used.  Since  all  display  variables  were 
counterbalanced  in  the  experimental  design  to  negate  order  effect,  it  is  assumed 
that  any  difference  in  performance  between  the  first,  middle  and  final  runs  (see 
Figure  12)  could  be  attributed  to  the  subjects  learning  the  waterway,  ship 
characteristics,  simulation  anomalies,  etc.  A  comparison  of  subject  performance 
between  the  first,  middle  and  final  runs  demonstrates  how  the  waterway  might  be 
transited  once  subjects  had  achieved  high  proficiency. 

The  exact  period  of  the  greatest  learning  increase  was  not  determined;  however, 
the  referenced  tables  and  figures  show  that  much  of  the  proficiency  enhancement 
was  evident  by  the  middle  run.  This  finding  is  supported  by  previous  CAORF 
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research  ’  which  show  pilots'  adaptation  rtd"’relatively  unfamiliar  bridge  display 

systems  to  be  rapid;  usually  within  the  first,  or  if  the  first  is  brief,  second  exposure. 

Using  the  above  rationale,  it  can  be  hypothesized  that  for  the  given  simulation 
conditions,  a  highly  effective  display  would  be  one  which  promotes  pilotage 
performance  most  closely  resembling  that  of  the  entire  group's  final,  most  proficient 
run.  This  is  most  valid  in  an  experiment  such  as  the  radio  aids  miniexperiment 
where  every  subject  experiences  each  display  variable  and  the  order  of  presentation 
is  counterbalanced  within  the  subject  group.  It  is  with  this  premise  and  a  knowledge 
of  what  constitutes  effective,  safe  shiphandling  practice  that  the  following  analytic 
discussion  is  promulgated. 

5.1.1  Trackkeeping  Statistic 

The  preliminary  measure  of  trackkeeping  in  the  miniexperiment  was  crosstrack 
distance  from  the  centerline  (right  or  left)  at  a  point  exactly  0.25  nm  before  the 
bend  and  0.25  nm  beyond  the  bend.  Since  ownship  started  on  the  centerline  at  a 
point  0.75  nm  from  the  bend,  the  subject  had  0.50  nm  mile  to  demonstrate  his  initial 
trackkeeping  ability.  Given  the  scenario  conditions  and  the  fact  that  ownship  was 
originally  well  aligned  on  track,  it  was  not  difficult  to  keep  to  the  center  of  the 
channel  up  to  the  bend. 

There  was  no  significant  difference  in  subjects'  ability  to  keep  on  the  centerline 
of  the  first  leg  regardless  of  the  display  they  used  or  when  they  made  the  transit. 
There  were,  however,  differences  in  trackkeeping  consistency  (i.e.,  variability) 
among  the  subject  groups  as  a  function  of  which  display  was  used.  Ideally,  an 
effective  display  would  promote  small  variability,  particularly  with  the  trackkeeping 
task  where  ail  subjects  had  a  common  goal. 

Table  B-l  in  Appendix  B  shows  the  group  mean  crosstrack  distance  and  group 
crosstrack  variability  for  the  first,  middle  and  final  runs.  Both  mean  crosstrack 
distance  and  variability  are  low  at  0.25  nm  before  the  bend  indicating  the  relative 
ease  with  which  the  approach  leg  was  transited  even  during  the  subjects'  first  runs. 
These  mean  crosstrack  distances  in  the  approach  leg  are  shown  at  the  bottom  of 
Figure  12. 

It  is  suggested  that  the  miniexperiment  did  not  provide  an  adequate  challenge  to 
the  trackkeeping  requirements  of  a  straight  leg  and  therefore  did  not  contribute 
conclusive  evidence  on  the  displays'  effectiveness  for  this  task.  It  is  therefore 
recommended  that  subsequent  display  evaluations  contain  a  longer  approach  leg, 
with  possibilities  for  perturbing  the  track-made-good  either  through  crosscurrents, 
crosswinds  or  required  evasive  maneuvers. 

The  trackkeeping  measure  in  the  exit  leg  which  occurred  at  0.25  nm  beyond  level 
was  selected  to  represent  how  well  subjects  recovered  from  the  turn  and  realigned 
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on  the  new  centerline.  This  0.25  nm  distance  was  well  beyond  the  point  at  which 
check  rudder  was  required;  and  if  an  appropriate  maneuver  had  been  executed, 
ownship  would  have  been  steadied  up  on  its  new  course. 

Table  B-l  shows  significant  differences  in  returning  to  the  centerline  during  the 
first  runs  but  not  during  the  middle  and  final  runs.  This  is  graphically  portrayed  at 
the  top  of  Figure  12.  The  mean  track  of  the  first  runs  was  107  feet  to  the  right  of 
the  centerline  with  a  group  variability  of  110  feet  about  the  mean.  Considering  the 
85“  foot  beam  of  the  simulated  ship,  it  can  be  calculated  that  on  their  first  run 

approximately  84  percent  of  all  subjects  (la  +  *  ■j  — -  )  aligned  in  the  new  leg  with 

more  than  50  feet  between  their  ship  hull  and  the  right  channel  boundary.  In  light  of 
the  goal  to  align  on  the  channel  centerline,  this  result  may  not  be  highly 
commendable,  but  it  does  indicate  that  even  the  first  runs  were  conducted  well 
within  a  margin  of  safety.  In  both  the  middle  and  final  runs,  subjects  significantly 
(pc  0.10)  improved  both  this  mean  track-made-good  and  track  variance. 

This  significant  improvement  in  recovering  from  the  turn  and  aligning  on  the  new 
leg  as  a  result  of  learning  suggests  that  the  crosstrack  distance  measure  at  0.25  nm 
beyond  the  level  is  a  highly  sensitive  measure  of  pilotage  performance.  While  the 
"before  the  bend  trackkeeping  measure"  only  provided  information  on  how  well  ship's 
course  was  maintained,  the  "after  the  bend  trackkeeping  measure"  provided  a  clue 
into  how  well  the  turn  maneuver  was  executed  and/or  how  well  the  ship  exited  ana 
steadied-up  after  the  turn.  To  determine  which  of  these  factors  contributed  most  to 
the  second  leg  trackkeeping  performance,  an  analysis  of  rudder  utilization  through 
the  turn  was  required. 

5.1.2  Turning  Statistic 

Initial  rudder  for  maneuvering  around  a  bend  is  characterized  by  (1)  magnitude  or 
amount  of  rudder  in  degrees;  (2)  where  it  is  applied  in  relation  to  the  bend,  ship's 
crosstrack  position  in  the  channel,  and  ship's  course  error  (difference  between  ship’s 
course  and  channel  alignment);  and  (3)  duration  of  time  it  is  applied. 

Once  initial  rudder  is  applied  and  the  ship  begins  to  swing,  subsequent  increased 
or  decreased  rudder  may  be  applied  to  modify  the  swing.  Pilot  preferences  tend  to 
be  inconsistent,  however,  since  some  prefer  to  apply  a  gradually  increasing  rudder 
with  resultant  gradually  increasing  swing  into  the  turn  while  others  prefer  a  large 
rudder  to  start  the  swing  quickly  using  subsequent  decreasing  rudder  to  control  and 
slow  the  swing  through  the  turn.  Most  pilots  agree  that  sharp  bends  in  a  narrow 
channel  do  not  afford  the  luxury  of  the  gradual  rudder  approach  and  are  best 
accomplished  with  one  well  selected  rudder  through  the  entire  turn. 

This  latter  requirement  was  considered  during  the  selection  of  the  radio  aids  to 
navigation  scenario  because  an  effective  display  would  enable  subjects  to  select  the 
most  appropriate  rudder  the  first  time.  If  this  was  possible,  all  selections  of 
gradually  increasing  or  gradually  decreasing  rudders  could  also  be  accommodated. 

In  light  of  the  above  rationale,  the  incidence  of  increasing  initial  rudder  was 
employed  as  a  measure  of  how  well  the  displays  enabled  subjects  to  determine  the 
steering  requirements.  A  decrease  of  initial  rudder  in  the  bend  was  considered 
acceptable  to  the  pilotage,  but  an  increase  in  initial  rudder  implied  that  the  original 
judgment  was  deficient  and  that  sufficient  turn  rate  had  not  been  achieved  to 
complete  the  turn  to  the  subjects'  expectations. 
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The  incidence  of  increasing  rudder  in  the  bend  is  measured  by  the  percent  of 
those  individuals  in  the  group  who  increased  their  initial  rudder  at  any  time  in  the 
bend.  Where  a  statistically  significant  difference  is  indicated,  that  display  variable 
with  the  lowest  percent  could  be  expected  to  have  promoted  a  more  accurate 
selection  of  initial  rudder  angle.  Table  B-l  (line  11)  shows  no  change  in  the 
incidence  of  increasing  initial  rudder  angle  through  the  bend  as  a  function  of 
learning.  Only  half  of  all  the  subjects  were  satisfied  with  their  initially  selected 
rudder  at  the  beginning  of  the  experiment,  throughout  it,  and  at  the  end.  As  shown 
in  later  sections,  however,  certain  display  variables  may  have  promoted  this 
behavior  even  through  to  the  final  run. 

The  application  of  check  rudder  proved  to  be  the  most  sensitive  measure  of 
turning  performance  and  consequently  of  display  effectiveness.  As  with  initial 
rudder,  magnitude,  ship  position,  course  error  and  duration  of  rudders  play  important 
parts  in  interpreting  appropriateness  of  the  check  rudder.  Table  B-l  compares  both 
initial  and  check  rudder  applications  between  first,  middle,  and  final  runs.  There  are 
not  statistically  significant  differences  in  any  of  the  initial  rudder  measures  (lines  3 
thru  6)  except  for  variability  (lines  15  and  17).  In  essence,  initial  rudders  were 
appropriately  applied  in  the  subjects'  first  runs  and  there  was  little  room  left  for 
improvement  by  the  middle  and  final  runs. 

The  bottom  of  Figure  13  shows  measured  difference  which  indicate  that  the 
middle  and  final  runs  averaged  a  5-degree  less  initial  rudder  than  the  first  runs.  This 
rudder  was  also  applied  earlier  ahead  of  the  bend.  The  reader  is  cautioned  however, 
that  these  measures  are  not  statistically  different  at  the  pc  0.10  level  of 
confidence  and  are  presented  only  to  illustrate  a  trend. 

The  check  rudders  however  are  statistically  different  as  shown  at  the  top  of 
Figure  13.  Table  B-l  (lines  7  through  10)  shows  a  significantly  (pc  0.10)  higher 
course  error  (10.70  degrees),  lower  but  left  side  of  the  centerline  crosstrack  distance 
(32  feet),  and  closer  to  the  bend  (0.075  nm)  when  the  check  rudder  was  applied. 
Magnitude  of  check  rudder  (15  degrees)  is  consistent  in  all  runs. 

The  standard  deviation  of  measures  (Table  B-l)  shows  a  significantly  (pc  0.10) 
larger  variability  for  course  error  (13.18  degrees)  and  a  lower  variability  for  distance 
from  the  bend  (0.019  nm).  By  the  time  the  subjects  had  reached  their  final  runs, 
they  were  using  the  same  amount  of  check  rudder  but  applying  it  significantly 
earlier  and  in  a  more  appropriate  location  to  bring  them  on  the  new  centerline. 

The  appreciation  of  the  finding  is  important  to  the  evaluation  of  display  design 
because  it  implies  that  all  the  display  variables  probably  exhibited  similar  initial 
rudder  behaviors,  but  only  as  a  result  of  the  scenario  limitations.  Check  rudder 
behavior,  however,  was  totally  dependent  upon  pilot  judgment  and  his  availability 
and  interpretation  of  navigation  information.  As  such,  check  rudder  behavior,  its 
timeliness  and  accuracy,  is  considered  a  major  indicator  of  the  overall  turnmaking 
performance. 

5.1.3  Observations 

A  comparison  between  early  run  observations  and  those  at  the  final  runs 
indicates  that  all  subjects  performed  confident  and  assertive  pilotage  throughout  the 
experiment.  Three  of  the  subjects  had  previously  participated  in  similar  type  display 
evaluations  and  were  initially  less  apprehensive  about  what  would  be  expected  of 
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them  than  the  others  were.  None  of  the  subjects,  however,  had  seen  these  particular 
displays  nor  had  they  operated  the  simulator  with  the  30,000  dwt  tanker 
characteristics.  All  subjects  considered  the  bridge  arrangement,  helmsman 
performance,  and  equipment  adequate  for  the  pilotage  although  they  stated  that  the 
margin  of  transit  safety  would  depend  upon  visibility  conditions  and  overall 
navigation  system  accuracy.  The  subjects  indicated  that  the  channel  was  realistic 
and  many  asked  where  it  was  located. 

Subjects  issued  course  commands  in  the  straight  legs  and  rudder  commands  for 
initial  and  check  rudders.  Once  on  track  in  the  exit  leg  and  at  least  partially 
steadied-up,  course  commands  were  again  used.  All  subjects  employed  this  practice 
with  noticeable  consistency  from  the  first  through  the  final  runs.  There  was, 
however,  the  obvious  tendency  to  permit  the  helmsman  greater  latitude  in  steadying 
up  himself  once  the  pilot  was  confident  of  the  helmsman's  proficiency. 

The  miniexperiment  made  no  attempt  to  correlate  when  course  commands  were 
issued  and  when  rudder  commands  were  issued  with  regard  to  the  displays  in  use. 
3ecause  of  increased  maneuvering  diversity  in  the  full-length  scenario  of  the 
subsequent  experiments,  it  is  recommended  that  course  commands  and  rudder 
commands  be  recorded  separately  and  their  incidence  compared  as  part  of  the 
analysis. 

The  operation  and  monitoring  of  bridge  equipment  (e.g.,  engine  order  telegraph, 
gyro  repeater,  rpm  indicator,  rudder  angle  indicator)  posed  no  initial  or  subsequent 
problem  to  the  subjects.  Prior  to  each  subject's  first  run,  a  complete  familiarization 
with  the  bridge,  bridge  equipment,  and  arrangement  was  conducted  by  the  test 
director.  A  checklist  which  ensured  compliance  with  all  familiarization  require¬ 
ments  is  presented  in  Appendix  C. 

In  their  first  runs,  subjects  spent  considerable  time  checking  the  chart  to 
familiarize  themselves  with  the  course  requirements  and  particulars  of  the 
waterway.  By  their  last  runs,  this  information  was  well  known.  Initially,  subjects 
stood  in  front  of  the  display  occasionally  walking  to  the  chart  table  and  around  the 
wheelhouse  as  though  attempting  to  maintain  a  lookout.  By  the  end  of  the 
experiment  all  but  one  pilot  had  accepted  the  offer  of  a  high  stool  and  remained 
seated  in  front  of  the  display  for  the  duration  of  the  run. 

At  the  end  of  each  run,  subjects  were  asked  to  critique  the  run  and  display  they 
had  just  used.  There  were  no  comments  by  any  of  the  subjects  which  reflected  their 
learning  experience  between  the  beginning  and  end  of  the  experiment.  There  were, 
of  course,  opinions  regarding  the  learning  of  each  display  concept  or  variable  as  it 
was  presented.  These  comments  are  discussed  in  the  later  sections  which  compare 
the  display  designs. 

In  general,  there  were  no  observed  signs  of  fatigue  or  boredom.  Most  subjects 
found  the  variety  of  displays  and  display  variables  continuously  challenging  and 
thought  the  scenario  was  particularly  difficult,  even  from  the  beginning.  It  is 
recommended  that  for  the  subsequent  full-length  scenarios,  subjects  be  queried  as  to 
how  well  they  thought  they  did  in  each  run.  This  technique  was  successfully 
employed  in  the  Advanced  Bridge  Display  Evaluation  at  CAORF  7  by  using  a  brief 
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structured  questionnaire  which  elicited  relative  comparisons  of  each  run  with  the 
previous  run.  The  questions  were  brief,  did  not  burden  the  subject,  and  resulted  in 
an  objective  appraisal  of  each  subject's  perception  of  his  own  performance  and  of 
the  display. 

5.2  EFFECTIVENESS  OF  DISPLAY  CONCEPTS 

The  intent  of  the  miniexperiment  was  to  select  those  variables  from  among  three 
DIGITAL,  GRAPHIC,  and  PERSPECTIVE  display  concepts  which  are  most  effective, 
and  thus  worthy  of  the  full-length  simulator  evaluation.  As  such,  the  experimental 
design  was  not  structured  to  accommodate  a  powerful  statistical  comparison 
between  display  concepts.  Nevertheless,  it  was  possible  to  average  the  measures  of 
each  of  the  display  concepts,  and  using  the  t-statistic  determine  which  if  any 
produced  significantly  different  results  at  the  p  <  0.10  confidence  level.  This 
analysis  produced  the  greatest  single  contribution  of  the  miniexperiment.  It 
signified  a  need  to  re-mechanize  the  DIGITAL  display  turn  initiation  point  to  make 
the  DIGITAL  display  shiphandling  requirements  more  compatible  with  those  of  the 
GRAPHIC  and  PERSPECTIVE  displays. 

5.2.1  Trackkeeping  Statistic 

Table  B-2  compares  the  trackkeeping  measures  between  each  display  concept. 
Although  there  is  no  difference  between  displays  in  crosstrack  distance  on  the 
approach  leg,  Table  B-2  shows  significantly  less  crosstrack  variability  among  the 
subject  group  when  the  DIGITAL  display  was  used  prior  to  the  time  of  initial  turn 
rudder. 

In  the  exit  leg,  0.25  nm  beyond  the  bend,  ownship  was  still  significantly  to  the 
left  of  the  centerline  when  the  DIGITAL  display  was  used,  but  to  the  right  of 
centerline  when  the  GRAPHIC  and  PERSPECTIVE  displays  were  used.  These 
trackkeeping  measures  are  illustrated  in  Figure  14.  Immediately  a  difference  in 
pilotage  performance  is  suspected. 

5.2.2  Turning  Statistic 

The  analysis  of  initial  rudder  (Table  B-2  and  Figures  D-l,  D-2  and  D-3  of 
Appendix  D)  show  a  significant  difference  between  DIGITAL  and  the  other  displays 
in  both  the  magnitude  and  ownship's  distance  from  the  bend  when  the  rudder  was 
applied.  This  is  illustrated  at  the  bottom  of  Figure  15.  This  difference  can  be 
directly  attributed  to  the  preprogrammed  operation  of  the  DIGITAL  display,  which 
had  been  calculated  for  a  1 0-degree  standard  rudder  and  a  haul  point  (i.e.,  leadline) 
at  approximately  0.20  nm.  At  the  time  this  calculation  was  made,  it  was 
hypothesized  that  subjects  would  use  standard  rudder  to  negotiate  the  turn.  As  a 
result  of  the  miniexperiment  and  the  experience  with  GRAPHIC  and  PERSPECTIVE 
displays,  it  is  recommended  that  the  DIGITAL  display  program  be  modified  to 
calculate  a  20-degree  turn  rudder  initiating  at  approximately  0.10  nm  from  the  bend 
or  allow  the  pilot  to  select  the  leadline  position.  This  change  will  bring  all 
shiphandling  requirements  of  the  simulation  more  in  line  with  one  another,  and  will 
permit  a  valid  statistical  comparison  between  display  concepts  in  the  subsequent 
experiments. 

The  analysis  of  check  rudder  (Table  B-2)  reinforces  the  finding  that  with  the 
DIGITAL  display,  ownship  made  extremely  shallow  turns,  perhaps  passing  across  or 
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coming  needlessly  dose  to  the  point  of  the  bend.  This  is  implied  by  the  location  of 
ownship,  50  feet  to  left  of  the  channel  centerline  and  0.162  nm  beyond  the  bend  at 
the  time  the  check  rudder  was  applied  (see  Figure  15).  An  apparent  high  crosstrack 
variability  in  the  bend,  which  is  shown  in  Figure  D-L,  is  not  revealed  in  the  statistic. 

At  the  same  time,  a  comparison  between  the  PERSPECTIVE  display  and  the 
other  two  concepts  shows  a  significant  difference  in  the  amount  of  course  error 
(high  to  the  right)  and  distance  from  the  bend  (low  to  the  left)  when  the 
PERSPECTIVE  check  rudder  was  applied.  Table  B-2  also  shows  a  high  check  rudder 
variability  among  the  group  when  they  used  the  PERSPECTIVE  display.  Finally, 
there  was  a  significantly  high  incidence  (83  percent)  of  increasing  the  initial  rudder 
through  the  bend  when  PERSPECTIVE  was  used. 

All  of  these  measures  imply  a  high  degree  of  inconsistency  among  subjects  when 
they  used  the  PERSPECTIVE  display.  The  significantly  different  rudder  and 
crosstrack  measures  signify  a  very  high  turn  rate  through  the  turn,  with  an  82-foot 
overshoot  at  the  exit  leg  centerline.  This  conclusion  is  supported  by  the  5-degree 
larger  check  rudder  (although  not  statistically  significant)  which  was  applied  and  the 
83  percent  probability  that  the  initial  rudder  was  increased  above  20  degrees  in  the 
turn.  The  result  is  not  a  particularly  commendable  performance  in  light  of  the 
significantly  better  GRAPHIC  measures;  but  it  does  indicate  that  pilotage  is  possible 
with  a  PERSPECTIVE  type  display  and  the  concept  should  continue  to  be  evaluated. 

5.2.3  Observation 

Overall,  the  majority  of  subjects  preferred  the  GRAPHIC  representation  of 
navigation  information  because  they  could  easily  interpret  all  spatial  relationships  of 
ownship  within  the  defined  waterway.  The  subjects  felt  that  a  shorter  range  scale 
than  that  used  in  the  miniexperiment  would  be  more  desirable  and  implied  that  had 
range  been  selectable  they  would  have  switched  to  a  0.50  or  0.75  mile  scale.  As  a 
result,  a  0.75  range  will  be  recommended  for  use  during  the  subsequent  RA-1 
experiment.  Presentation  of  a  0.50  mile  scale  is  considered  inadequate  for  the  3- 
minute  track  prediction  vector  and  may  not  provide  a  sufficient  "view"  ahead  on  the 
true  motion  display  for  a  ship  traveling  at  8  to  10  knots.  Arbitrary  selection  of 
range  scales  by  the  subjects  is  also  unacceptable  since  it  would  introduce  an 
additional  experimental  variable. 

Several  subjects  felt  that  the  overall  display  would  be  more  effective  if  both 
graphic  and  digital  information  were  combined.  This,  of  course,  is  an  acknowledged 
alternative  to  the  display,  but  is  intentionally  being  omitted  in  the  study  so  the  cost 
implications  of  each  concept  can  be  isolated  and  evaluated  individually. 

Since  most  of  the  subjects  never  used  a  digital  display  system  to  navigate  a  ship 
and  the  concept  of  quantitative  interpretation  was  somewhat  foreign  to  their 
pilotage  task,  it  is  not  surprising  that  they  initially  expressed  the  most 
dissatisfaction  with  the  DIGITAL  display. 

Once  they  were  confident  of  the  concept's  reliability  and  their  own  ability  to 
relate  its  information  to  the  pilotage  (usually  2  to  3  runs)  most  of  the  subjects  grew 
comfortable  using  it.  All  said,  however,  they  would  be  skeptical  of  its  application  in 
the  real  world  both  because  of  potential  system  inaccuracies  and  of  possible 
difficulties  in  user  interpretation.  Again,  subjects  believed  the  information  was  not 
sufficiently  comprehensive  on  a  stand-alone  basis  and  should  be  combined  with  a 
GRAPHIC  or  PERSPECTIVE  display. 
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In  general,  the  only  criticisms  subjects'  had  for  the  PERSPECTIVE  display  was  its 
inability  to  (1)  show  forward  velocity,  (2)  show  position  or  swing  of  the  stern,  and  (3) 
accurately  portray  when  ownship  was  in  the  center  of  the  channel.  As  far  as  subject 
opinions  were  concerned,  there  is  no  doubt  but  that  the  GRAPHIC  display  was  most 
preferred  during  the  simulation  with  PERSPECTIVE  and  DIGIT1AL  following  in 
order. 

5.3  EFFECTIVENESS  OF  DIGITAL  DISPLAY  VARIABLES 

Measures  of  comparison  between  the  six  DIGITAL  displays  which  were  evaluated 
are  presented  in  Table  B-3.  The  statistical  analysis  of  measures  was  performed 
between  independent  variables  and  are  presented  in  Table  B-4  for  steering  cues 
(course  error  or  heading  to  steer),  and  Table  B-5  for  turning  cues  (distance  to 
leadline  or  time  to  leadline).  The  resultant  trackkeeping  performance  is  illustrated 
in  Figures  D-4  through  D-14  of  Appendix  D. 

A  review  of  the  data  shows  that  ail  DIGITAL  displays  resulted  in  highly  variable 
turning  performance,  considerably  inside  th  '  bend  as  previously  discussed  in  Section 
5.2.2.  There  appears  to  be  a  consistency  among  DIGITAL  displays  both  for 
crosstrack  distance  and  rudder  utilization  (see  Figure  16).  Trackkeeping  average  in 
the  approach  leg  (0.25  nm  before  the  bend)  is  on  the  centerline  almost  to  the  point 
of  absurdity  (i.e.,  7  feet  left  to  4  feet  right  of  center).  All  exit  leg  average  tracks 
are  to  the  left  of  center  but  no  more  than  a  ship  width.  Crosstrack  variability  is 
large  in  the  exit  leg. 

Initial  rudders  are  all  identical  as  are  distances  from  the  bend  when  initial  rudder 
was  applied.  These  similarities  were  expected  since  it  was  the  display  program 
which  cued  each  subject  when  the  begin  the  turn.  All  course  errors  and  crosstrack 
distance  were  low  with  the  exception  of  the  "cross  error,  distance  to  lead"  display. 
Here  ownship  was  25  feet  to  the  left  of  center,  but  was  continuing  left  with  a  3.35 
degree  course  error.  The  cause  of  this  behavior  will  be  explained  in  the  comparison 
of  variables. 

The  analysis  of  check  rudder  as  shown  in  Table  B-3  is  more  complex  because  it 
involves  three  dependent  measures  all  varying  as  a  function  of  where  (or  when)  the 
check  rudder  was  applied. 

For  example,  if  check  rudder  were  applied  when  either: 

a.  course  error  was  low  to  the  right  and  crosstrack  distance  high  to  the  left,  or 

b.  course  error  was  low  to  the  left  and  crosstrack  distance  was  high  to  the  right 

the  check  rudder  would  have  been  applied  too  early.  However,  if  check  rudder  were 
applied  when  either: 

a.  course  error  was  low  to  the  right  and  crosstrack  distance  was  high  to  the 
right 

b.  course  error  was  low  to  the  left  and  crosstrack  distance  was  high  to  the  left 

c.  course  error  was  high  to  the  right  and  crosstrack  distance  was  from  low  left 
to  high  right 

d.  course  error  was  high  to  the  left  and  cross  track  distance  was  from  low  right 
to  high  left 
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the  check  rudder  would  have  been  applied  too  late.  Fortunately,  distance  from  the 
bend  at  which  the  check  rudder  was  applied  was  relatively  consistent  for  all 
DIGITAL  displays,  otherwise  the  analysis  of  appropriate  check  rudder  would  have 
been  further  complicated. 

Using  the  above  criteria  and  referring  to  Table  B-3  (lines  8  and  9),  it  is  shown 
that  all  of  the  check  rudders  were  appropriately  applied.  Each  exhibited  a  high  right 
course  error  and  high  left  crosstrack  distance,  low  left  course  error  and  low  left 
crosstrack  distance,  or  low  right  course  error  and  low  right  crosstrack  distance. 

5.3.1  Steering  Cues 

Evaluation  of  the  various  DIGITAL  display  steering  cues  (i.e.,  course  error  and 
heading  to  steer)  was  based  upon  trackkeeping  performance  prior  to  the  turn  and 
beyond  the  point  at  which  check  rudder  was  applied.  Because  steering  cues  were 
extinguished  once  the  turn  was  initiated  and  only  turn  rate  and  recommended  turn 
rate  were  presented  to  the  subject,  it  is  unlikely  that  steering  cue  information  would 
have  much  effect  upon  his  turning  performance. 

Table  B-4  shows  the  group  means  for  those  runs  in  which  either  no  steering  cue 
was  provided,  course  error  was  provided,  or  heading  to  steer  was  provided.  There  is 
no  statistically  significant  difference  for  any  measure  of  crosstrack  distance  (lines  1 
and  2)  nor  at  the  time  of  initial  rudder  application.  The  significantly  high  (78  feet 
left)  crosstrack  distance  at  check  rudder  cannot  be  attributed  to  the  steering  cue 
variables  since  they  were  not  displayed  during  the  turn. 

Table  B-4  and  Figures  D-4,  D-5  and  D-6  of  Appendix  D  show  variability  among 
the  groups  which  used  each  of  the  steering  cue  variables.  The  two  most  important 
measures  (lines  12  and  13)  show  a  significantly  (pc  0.10)  higher  crosstrack 
variability  at  0.25  nm  before  the  bend  when  heading  to  steer  was  used;  and  at  0.25 
nm  beyond  the  bend  when  no  steering  cue  was  used.  This  high  variability  in 
steadying-up  beyond  the  bend  when  no  steering  cue  is  provided  can  be  attributed  to 
an  immediate  lack  of  set  and  drift  information  following  the  turn.  Such  information 
would  become  apparent  in  time,  but  its  absence  caused  considerable  variability 
among  the  subject  group  well  beyond  the  bend.  When  course  error  or  heading  to 
steer  information  was  displayed,  set  and  drift  information  was  immediately  available 
and  revealed  in  signficantly  less  group  crosstrack  variability. 

Significantly  high  crosstrack  variability  which  occured  before  the  bend  when 
heading  to  steer  information  was  displayed  (line  12),  is  also  reflected  in  high 
crosstrack  variability  at  the  time  initial  rudder  was  applied  (line  16).  Further,  initial 
rudder  analysis  shows  that  course  error  variance  was  highest  when  course  error  was 
displayed  as  was  distance  from  the  bend  at  the  time  of  initial  rudder  application. 
The  comparable  performance  between  variables  shown  on  Table  B-4  suggests  that 
the  display  of  course  error  may  have  allowed  subjects  a  broader  individual  discretion 
on  when  and  how  to  apply  their  initial  turning  rudder.  Note  also  in  Table  B-4  that 
although  course  error  at  initial  rudder  (line  4)  is  not  significant  at  the  p  0.10  level, 
it  is  considerably  higher  than  the  other  variables;  yet  resultant  crosstrack  distance 
at  0.25  nm  from  the  bend  is  very  low. 

It  can  be  concluded  that  by  knowing  their  course  error  subjects  may  have  been 
more  inclined  to  permit  ownship  to  drift  into  the  bend  considerably  before  the  time 
the  actual  initial  rudder  was  required.  This  is  a  normal  and  frequently  desirable 
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behavior  in  pilotage  because  it  augments  development  of  eTswing  when  the  swing  is 
finally  required.  Probably  the  worse  situation  would  be  to  have  a  right  turn  rate  at 
the  time  a  left  turn  is  to  be  initiated.  This  could  occur  in  instances  where 
trackkeeping  right  up  to  the  haul  point  is  too  rigidly  maintained. 

In  general,  the  statistical  comparison  of  measures  shows  both  steering  cues  and 
the  absence  of  steering  cues  to  have  promoted  comparable  and  very  satisfactory 
performance  in  the  conduct  of  the  miniexperiment.  Subjects  expressed  no 
preference  for  either  course  error  or  heading  to  steer  cues.  Most  agreed  that  as  a 
result  of  their  relatively  brief  experience  with  the  display's  capabilities  they  were 
reluctant  to  rely  upon  it  for  steering  information  and  instead  conducted  much  of  the 
pilotage  using  their  gyro  compass  as  the  primary  source. 

5.3.2  Turning  Cues 

Turning  cues  on  the  DIGITAL  display  which  were  varied  in  the  miniexperiment 
primarily  dealt  with  signaling  to  the  pilot  how  rapidly  he  was  approaching  the  bend 
and  when  to  apply  initial  turn  rudder.  As  such,  the  only  measures  applicable  to  an 
evaluation  of  turning  cues  are  position  and  attitude  of  ownship  at  the  time  of  initial 
rudder. 

The  major  difference  between  distance  to  leadline  and  time  to  leadline  is  in  the 
subject's  knowledge  of  his  speed  over  the  ground  and  his  ability  or  desire  to  convert 
it  to  a  type  of  "countdown"  routine.  Distance  or  time  to  leadline  could  also  be 
useful  in  helping  the  pilot  determine  his  alongtrack  position  and  how  much  his  ship  is 
being  affected  by  following  or  head  currents. 

In  both  cases  where  turning  cues  were  statistically  compared  (see  Table  B-5  and 
Figures  D-7  and  D-8)  there  is  little  evidence  to  support  the  recommendation  of  one 
type  over  the  other.  Table  B-5  shows  no  statistically  significant  difference  in 
performance  for  either  distance  to  leadline  or  time  to  leadline  where  initial  rudder 
behaviors  are  measured.  In  Table  B-5  significantly  (p<  0.10)  larger  variability  is 
shown  for  three  initial  rudder  measures  (lines  15  through  17).  This  implies  a  larger 
variance  among  the  groups  of  subjects  when  they  used  the  distance  to  leadline  cue. 

While  Table  B-5  shows  resultant  comparable  performance  between  both  vari¬ 
ables,  when  the  distance  variable  was  presented  subjects  applied  their  initial  turn 
rudder  with  far  less  consistency.  This  behavior  could  be  attributed  either  to  a  more 
selective  application  of  the  rudder  by  knowing  actual  distance  values,  or  only  the 
fact  that  the  distance  increments  (i.e.,  tenths  of  a  nm)  tended  to  imply  lower 
precision  requirements  than  tenths  of  a  second  which  was  shown  on  the  time  display. 
Actually,  mean  crosstrack  distance,  distance  from  the  bend,  and  course  error  were 
not  sufficiently  large  to  say  that  either  was  a  significantly  better  or  worse 
performance. 

In  summary,  it  could  not  be  determined  from  the  analysis  of  performance 
whether  distance  or  time  to  leadline  promoted  a  more  effective  turning  behavior. 
The  only  remaining  method  of  comparing  the  two  variables  was  to  elicit  some 
opinion  and/or  preference  from  those  individuals  who  had  used  the  displays,  the 
subjects. 


5.3.3  Subject  Appraisal  and  Observations 


A  majority  of  subjects  stated  that  the  DIGITAL  display  information  which  was 
not  varied  as  part  of  the  miniexperiment  (i.e.,  crosstrack  distance,  crosstrack  speed, 
turn  rate,  and  recommended  turn  rate)  was  most  essential  to  the  pilotage.  Either 
time  to  leadline  or  distance  to  leadline  were  adequate  to  signal  approach  of  the 
bend.  Subjects  did  not  feel  course  error  or  heading  to  steer  added  much  new 
information. 

The  presentation  of  units  of  measure  was  considered  unsatisfactory.  Subject 
recommendations  were  as  follows: 

CROSSTRACK  DISTANCE  -  to  nearest  foot 

CROSSTRACK  SPEED  -  to  nearest  foot  per  minute 

COURSE  ERROR  -  to  nearest  degree 

HEADING  TO  STEER  -  to  nearest  degree 

TURN  RATE  -  to  nearest  degree  per  minute 

RECOMMENDED  TURN  RATE  -  to  nearest  degree  per  minute 

DISTANCE  TO  LEADLINE  -  to  nearest  3.10  nm  or  foot 

TIME  TO  LEADLINE  -  to  nearest  second  (giving  hours,  minutes,  seconds) 

Additional  comments  were  as  follows: 

1)  Recommended  turn  rate  should  never  exceed  the  actual  capabilities  of  the 
ship. 

2)  Recommended  turn  rate  should  extinguish  and  steering  cues  return  when 
course  error  is  within  5  degrees  of  the  new  leg.  (System  presently  operates  within  3 
degrees  and  may  not  be  providing  sufficient  advance  notice  to  apply  appropriate 
check  rudder.) 

3)  Leadline  should  be  repositioned  to  accommodate  a  higher  turn  rate  maneuver 
(Display  presently  requires  only  10  degrees  rudder;  15  to  20  degrees  would  be  more 
appropriate) 

4)  Course  error  and  heading  to  steer  might  be  better  used  if  its  reliability, 
accuracy,  and  implementation  could  be  proven  to  each  user. 

5)  Overall  display  concept  is  difficult  to  envision  initially  but  can  be  used  as 
long  as  major  transgressions  from  track  or  unusual  ship  attitudes  do  not  develop. 

5.4  EFFECTIVENESS  OF  GRAPHIC  DISPLAY  VARIABLES 

Ten  GRAPHIC  displays  were  evaluated  in  the  miniexperiment  to  determine  the 
most  effective  method  of  presenting  motion,  orientation,  vector,  and  ownship  image 
cues  on  a  navigation  display.  Table  B-6  shows  the  performance  measures  of  subject 
groups  using  each  GRAPHIC  display.  A  statistical  comparison  was  performed 
between  display  variables  (see  Tables  3-7  through  B-10).  Most  of  the  measures  in 
Table  B-6  fall  within  the  range  of  acceptable  performance  and  some  exhibit 
exceptional  results.  This  is  also  verified  by  a  review  of  the  combined  track  plots  for 
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the  GRAPHIC  variables  (Figures  D-15  through  D-31).  For  example,  crosstrack 
distance  at  0.25  nm  before  the  bend  showed  that  83  percent  of  all  subjects  were  able 
to  keep  the  centerline  of  ownship  within  32  feet  of  the  channel  centerline.  At  0.25 
nm  be>ond  the  bend,  after  completing  a  35-degree  turn  in  a  500  foot  channel  at 
approximately  8  knots,  83  percent  of  all  subjects  came  only  within  one  ship  width  of 
the  outside  channel  boundary.  This  is  commendable  shiphandling  performance 
considering  the  scenario  difficulty  and  lack  of  visual  references  (e.g.,  buoys, 
landmarks). 

One  additional  factor  illustrated  in  Figure  17  is  that  while  initial  rudders  applied 
for  all  GRAPHIC  displays  were  well  on  center  and  tightly  grouped  at  0.12  nm  from 
the  bend,  all  check  rudders  were  applied  consistently  to  the  right  of  the  centerline 
and  in  a  relatively  large  pattern.  This  implies  some  overshoot  as  a  result  of  the  turn 
maneuver  and  the  possibility  that  certain  display  variables  may  have  contributed  to 
the  overall  performance  difference  more  than  others. 

5.4.1  Motion  Cues 

The  two  motion  cues  evaluated  on  the  GRAPHIC  display  were  true  motion  in 
which  ownship  originated  at  the  bottom  of  the  display  and  moved  across  it;  and 
relative  motion  in  which  ownship  remained  in  the  center  of  the  display  and  the 
channel  moved  relative  to  it.  Measures  of  performance  when  using  the  two  motion 
cues  were  presented  in  Table  B-7  and  Figures  D-15  and  D-16.  Track-up  orientation 
was  employed  in  both  cases. 

The  statistical  comparison  at  the  p<  0.10  level  of  confidence  shows  course  error 
(line  4)  at  initial  rudder  to  be  greater  for  the  true  motion  variable. 

In  retrospect,  this  measure  alone  provides  little  conclusive  evidence  for  or 
against  the  display.  However,  combined  with  the  highly  significant  (p  <  0.10) 
variance  of  course  error  (Table  B-7,  line  15),  it  suggests  that  the  attitude  of  a 
moving  odject  in  a  stationary  field  may  be  more  difficult  to  judge  than  if  it  were 
fixed  :n  a  moving  field.  This  single  course  error  measure,  however,  is  not  sufficient 
evidence  to  warrant  additional  hypotheses,  particularly  since  extensive  research  has 
been  conducted  comparing  true  and  relative  motion  effectiveness;  and  conclusive 
differences  have  never  been  proven.  Results  of  the  studies  tend  to  support 
individual  preference  as  the  predominant  motivating  factor  in  true  versus  relative 
motion  display  effectiveness. 

In  summary,  the  miniexperiment  provides  no  conclusive  evidence  to  recommend 
the  inclusion  or  exclusion  of  either  true  or  relative  motion  GRAPHIC  displays  from 
the  subsequent,  full-length  simulation  experiments.  Subject  preference  of  motion 
cues  is  discussed  in  Section  5.4.5. 

5.4.2  Orientation  Cues 

Two  orientation  cues,  track-up  and  head-up  were  compared  in  the  miniexperi¬ 
ment.  Statistica,  results  of  the  comparison  are  shown  in  Table  B-S  and  Figures  D-16 
and  D-17.  Although  not  overwhelming,  there  is  some  statistically  significant  and 
some  "trend"  evidence  to  suggest  that  the  track-up  orientation  may  have  produced 
superior  pilotage  perl. ,  mance  in  the  mimexperiment. 

All  significant  differences  in  course  error  at  initial  rudder  (Table  B-S,  lines  4  and 
15)  and  other  measures  of  variability  favor  those  runs  in  which  track-up  orientation 
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was  used.  The  measure  of  crosstrack  distance  0.33  nm  beyond  the  bend  (line  2)  while 
not  statistically  significant  Jiows  a  major  trend  toward  less  overshoot  and  less 
variability  (line  13)  when  track-up  orientation  was  used. 

It  can  be  concluded  from  this  statistical  comparison  of  orientation  cues  that  the 
relatively  novel  approach  of  a  track-up  orientation  is  at  least  as  effective  as  the 
traditional  head-up  display.  In  certain  situations  which  remain  to  be  more 
specifically  identified,  the  track-up  orientation  may  be  superior  to  head  up  displays. 

5.4.3  Vector  Cues 

Two  types  of  ship  vectors  were  evaluated  in  the  miniexperiment,  a  heading 
vector  emitting  from  ownship  and  extending  to  the  edge  of  the  screen,  and  a  course 
vector  (projected  course  made  good)  extending  from  ownship  out  for  the  distance 
ownship  would  travel  in  three  minutes.  Table  B-9  shows  course  error  at  the  time  of 
check  rudder  to  be  the  only  statistically  significant  (p<  0.10)  measure  between  the 
two  vector  cues.  An  analysis  of  all  three  dependent  check  rudder  measures  (lines  8 
through  10)  suggests  only  that  the  check  rudder  was  applied  earlier  when  heading 
vectors  were  used  than  when  course  vectors  were  used.  In  both  instances  there  was 
some  overshoot  of  the  new  leg  centerline.  This  is  reflected  in  right  crosstrack 
distance  both  at  the  point  of  check  rudder  and  at  0.25  nm  beyond  the  bend  (line  2). 
It  is  much  less  evident  in  Figures  D-18  and  D-19  which  portray  comparable 
trackkeeping  through  the  bend. 

Variability  of  the  subject  groups  (Table  B-9)  is  highest  for  both  course  error  (lines 
4  and  8)  and  location  when  rudders  were  applied  (lines  17  and  21)  when  subjects  used 
the  course  vector  display.  Interpretation  of  the  standard  deviation,  suggests  that 
even  though  the  means  of  measures  implied  no  difference  between  vectors,  it  was 
probably  easier  for  subjects  to  use  the  more  familiar  heading  vector  than  a  new 
course  vector  with  which  they  were  unfamiliar.  Use  of  the  course  vector  was 
observed  to  be  substantially  different  than  the  heading  vector.  It  was  not  easy  for 
pilots  to  relate  to  the  course  vector,  and  they  appeared  somewhat  unsure  as  to  how 
it  should  appear  through  the  duration  of  the  turn.  This  display  feature  might  be 
more  effectively  evaluated  if  subjects  were  given  a  more  extensive  familiarization 
or  practice  session. 

Some  consideration  should  also  be  given  to  displaying  both  heading  and  course 
vectors  on  the  GRAPHIC  display.  It  would,  of  course,  be  necessary  to  have  the 
vectors  uniquely  coded  to  ensure  adequate  discrimination.  The  presentation  of  both 
vectors  would  introduce  drift  angle  information  to  the  display,  resulting  in  perhaps  a 
more  familiar  cue  than  ship's  course  itself. 

Both  the  findings  and  limitations  of  the  brief  miniexperiment  do  not  justify  a 
conclusion  on  incorporating  such  an  important  and  potentially  controversial  item  as 
the  vector  to  be  displayed  in  subsequent  experiments.  As  a  result  it  is  recommended 
that  both  heading  and  course  vectors  be  re-evaluated  in  the  full-length  scenario.  At 
that  time  a  more  extensive  subject  familiarization  of  the  course  vector  should  be 
implemented.  If  time  permits,  the  simulation  of  combined  vectors  to  show  drift 
angle  is  also  recommended.  A  discussion  of  subject  preference  for  vector  design  is 
presented  in  Section  5.4.5. 
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5.4.4  Ownship  Image  Cues 

T'.vo  types  of  ownship's  image  for  the  GRAPHIC  display  were  evaluated  in  the 
miniexperiment.  Except  for  course  error  at  initial  and  check  rudder  (Table  B-LQ) 
there  were  few  significant  differences  in  performance  between  when  a  scaled  image 
(actual  shape  and  scaled  size  of  ownship)  and  a  symbolic  image  (+)  were  used.  This  is 
further  verified  in  Figures  D-20  and  D-21. 

As  with  vector  cues,  analyzing  all  three  check  rudder  measures  (lines  S  through 
10)  suggests  that  check  rudder  was  applied  earlier  with  the  scaled  image,  but  that 
both  cues  resulted  in  substantial  overshoot.  While  not  statistically  significant,  it  is 
noteworthy  that  only  15  degrees  of  rudder  were  used  for  the  scaled  image  with  67 
percent  of  the  subjects  increasing  this  rudder  through  the  turn.  When  the  symbolic 
image  was  used,  subjects  applied  20  degrees  of  rudder  and  only  33  percent  of  them 
subsequent!-/  increased  it.  This  behavior  suggests  that  subjects  might  have  been 
more  willing  to  ease  into  the  turn  knowing  at  all  times  the  exact  position  of  their 
hud  in  relation  to  the  channel  boundaries. 

In  summary,  the  miniexperiment  did  not  uncover  any  significant  performance 
decrement  as  a  result  of  the  image  cue  design.  Never  the  less  it  is  suggested  that  if 
an  accurate  representation  of  ownship  can  be  described  on  the  screen,  the  added 
confidence  in  knowing  its  exact  perimeters  and  limitations  might  provide  the  pilot 
with  maneuvering  alternatives  or  contingencies  not  otherwise  available.  Subject 
preference  for  ownship  image  cues  are  discussed  in  the  following  section. 

5.4.5  Subject  Appraisal  and  Observations 

Subjects  strongly  preferred  the  GRAPHIC  display  over  the  other  DIGITAL  and 
PERSPECTIVE  display  concepts.  The  way  information  was  presented  on  the 
GRAPHIC  display  seemed  of  lessor  concern  to  them.  Subjects’  strongest  preference 
wets  that  the  ship's  image  be  scaled  rather  than  symbolically  represented  since  they 
considered  the  scaled  image  much  easier  to  use  especially  in  the  turn. 

The  majority  of  subjects  had  no  preference  for  the  other  GRAPHIC  variables  and 
believed  they  had  done,  or  could  have  done  equally  well  with  either.  The  subjects 
who  had  an  opinion  preferred: 

•  head-up  rather  than  track-up  orientation 

•  relative  rather  than  true  motion 

•  heading  rather  than  course  vector 

The  results  of  these  opinions  are  far  from  conclusive  primarily  because  subjects 
were  not  found  to  respond  or  they  may  have  based  them  preference  on  individual 
performance  while  using  the  display.  It  is  strongly  recommended  that  a  structured 
survey  be  developed  and  administered  in  the  subsequent  experiments,  one  which 
elicits  not  only  subject  opinions,  but  a  seif -appraisal  of  their  own  performance  and  a 
relative  critique  of  display  variables. 

5.5  EFFECTIVENESS  OF  PERSPECTIVE  DISPLAY  VARIABLES 

In  the  original  design  of  the  PERSPECTIVE  display,  it  was  recognized  that  major 
contributing  factors  to  the  display's  effectiveness  would  be  height  of  eye,  distance 
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of  eye  from  the  bow,  and  field  of  view.  A  basic  premise  in  the  design  rationale  was 
that  the  display  was  not  intended  to  replicate  the  actual  scene  or  viewed  from  the 
ship's  windows;  out  instead,  ownship  and  the  waterway  would  appear  as  a  generic 
picture  presenting  effective  navigation  information  regardless  of  the  hull  shape  or 
bridge  location  on  which  the  display  was  installed. 

For  this  reason,  height  of  eye  and  bow  configuration  were  selected  to  provide 
maximum  discrimination  of  drift  angle  and  view  abeam  without  artificially 
distorting  the  geographic  perspective.  It  was  decided  to  select  through  experi¬ 
mentation  the  one  remaining  variable  which  appeared  to  be  most  critical  to  the 
display's  effectiveness;  this  was  field  of  view. 

5.5.1  Field  of  View 

Figure  IS  illustrates  the  location  and  magnitude  (although  not  statistically 
significant)  of  both  initial  and  check  rudders  which  were  applied  by  subject  groups 
using  the  PERSPECTIVE  display.  Table  B -11  (line  2)  shows  that  both  the  60-degree 
and  90-degree  fields  of  view  produced  approximately  one  ship  width  overshoot  of  the 
channel  centerline  0.25  nm  beyond  the  bend.  Analysis  of  the  mean  measures  of 
check  rudder  (lines  8  and  9,  also  not  statistically  significant)  suggest  that  check 
rudder  was  applied  late  when  using  both  the  60-degree  and  90-degree  displays. 
These  measures,  combined  with  ownship's  location  (line  10)  at  the  time  check  rudder 
was  applied,  suggest  that  a  very  high  turn  rate  probably  occurred  in  the  maneuver. 

There  were  no  significant  differences  in  the  83  percent  incident  of  increased 
initial  rudder,  although  this  percentage  is  high  compared  to  the  other  display 
concepts.  Table  B-ll  (line  12)  shows  a  significantly  higher,  but  by  no  means 
deleterious,  crosstrack  variance  among  the  groups  using  the  90-degree  field  of  view 
variable.  It  also  shows  a  significantly  (p  <  0.10)  higher  level  of  course  error 
variability  at  both  initial  and  check  rudder  when  the  60-degree  field  of  view  was 
used.  Considering  that  resultant  crosstrack  performance  was  comparable,  it  must  be 
assumed  that  the  90-degree  display  produced  a  higher  consistency  in  trackkeeping  up 
to  and  at  the  point  of  initial  rudder  application. 

In  summary,  there  was  little  statistical  evidence  to  support  the  conclusion  that 
one  of  the  fields  of  view  was  more  effective  than  the  other.  Either  60-degree  or  90- 
degree  appears  appropriate  although  the  60-degree  field  of  view  tended  to  promote 
increased  subject  consistency  in  returning  to  the  centerline  beyond  the  bend.  This  is 
well  illustrated  in  a  review  of  Figures  D-32  and  D-33. 

5.5.2  Subject  Appraisal  ana  Observations 

Three  of  the  subjects  had  no  preference  for  the  field  of  view.  Two  preferred  the 
60-degree  display,  and  one  the  90-degree  display.  Most  stated  they  saw  very  little 
operational  difference,  but  were  surprised  at  how  fast  the  point  of  the  bend 
disappeared  from  "view"  once  they  entered  the  turn  using  the  60-degree  display.  In 
general,  subjects  were  more  concerned  with  the  lack  of  forward  velocity  cues  (see 
Section  5.2.3),  than  they  were  the  loss  of  abeam  distance  cues. 
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FIGURE  IS.  PERSPECTIVE  DISPLAY  —  INITIAL  RUDDER  AND 
CHECK  RUDDER 
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Section  6 

RECOMMENDATIONS 


Miniexperiment  results  suggest  that  ail  display  concepts  (DIGITAL,  GRAPHIC, 
and  PERSPECTIVE)  be  represented  in  the  full-scale  perfect  position  experiment.  It 
is  also  recommended  that  several  of  the  performance  measures  be  expanded  to 
produce  a  more  refined  analysis,  one  with  increased  validity  and  statistical  power, 
and  the  ability  to  compare  subtle  shiphandiing  behaviors.  These  areas  are  discussed 
below. 

6.1  PROPOSED  DISPLAYS 

The  following  displays  have  been  selected  for  further  evaluation  in  the  Radio 
Aids  to  Navigation  Display  project: 

a.  Two  DIGITAL  displays.  The  first  display  will  provide  only  crosstrack  distance 
and  distance  to  leadline.  The  second  display  will  provide: 

•  Trackkeeping  information 

-  Crosstrack  distance 

-  Crosstrack  speed 

•  Turnmaking  information 

-  Distance  to  turn  apex 

-  Turn  rate 

-  Recommended  turn  rate 

Recommended  changes  to  improve  the  DIGITAL  display  are: 

•  Arrows  indicating  direction  should  be  larger  or  replaced  by  "R"  and  "L" 

•  Information  displayed  should  be  rounded  to  the  nearest  unit  (i.e.,  feet, 
degree,  second) 

•  The  location  of  the  leadline  or  turn  initiation  point  should  be  determined 
by  the  pilot 

•  Leadline  should  be  moved  to  accommodate  a  20-degree  rudder 

•  Recommended  turn  rate  should  be  extinguished  within  5  degrees  of  the 
new  leg  and  would  display  no  higher  than  the  maximum  turn  rate 
achievable  by  the  ship 

b.  Four  GRAPHIC  displays.  These  displays  will  be  track-up,  true  motion  with  a 
scaled  ship's  image.  Experimental  variables  will  be: 

•  Heading  vector 

•  Course  vector 

•  Simplified  prediction  vector 

•  Track  prediction  vector 

Recommended  changes  to  improve  the  GRAPHIC  display  are: 

•  Range  scale  should  be  0.75  nm 


•  Prediction  time  should  be  1-1/2  minutes 

c.  One  PERSPECTIVE  display.  This  display  will  provide  a  90-degree  field  of 
view. 

Figure  19  summarizes  the  proposed  displays. 

6.2  COST  ANALYSIS  OF  DISPLAY  FORMATS 

One  of  the  principal  goals  of  the  radio  aids  display  research  is  to  relate  piloting 
performance  to  display  complexity  and  state-of-the-art  costs.  The  cost,  hardware 
requirements,  and  information  requirements  for  the  selected  displays  are  listed  in 
Table  8.  The  digital  displays  are  the  least  expensive  (under  $1000),  but  also  provide 
the  least  information.  The  perspective  display,  graphic  display  with  course  vector, 
graphic  display  with  heading  vector,  and  graphic  display  with  recommended  turn  rate 
and  turn  rate  vectors  are  in  the  medium  price  range  at  $3000  each.  The  graphic 
display  with  a  predictor  vector  is  the  most  costly  at  $6000. 

Figure  20  shows  the  system  configurations  for  the  selected  display  formats  and 
also  shows  the  possibility  of  providing  rate  aiding  to  the  filter  and  use  of  only 
position  data  for  display  purposes  or  position  and  velocity  data. 

6.3  PROPOSED  PERFORMANCE  MEASURES 

Data  should  be  recorded  and  analyzed  as  demonstrated  in  the  miniexperiment. 
This  will  enable  a  comparison  of  performance  both  between  miniexperiments  and  the 
full-length  scenario  experiments,  and  between  radio  aids  display  simulations  and 
visuai  simulations.  The  following  measures  for  subsequent  radio  aids  to  navigation 
display  experiments  are: 

a.  Trackkeeping 

•  Crosstrack  distance  to  right  or  left  of  channel  centerline  at  475  intervals 

•  Mean  group  tracks 

•  Variance  of  group  about  their  mean 

•  Alongtrack  distance  for  initial  and  check  rudders 

b.  Shiphandling  commands 

•  Frequency  of  rudder,  course,  and  engine  orders 

•  Duration  of  rudder,  course,  and  engine  orders 

•  Incidence  of  rudder  versus  course  orders 

•  Extent  of  modification  to  initial  rudders  and  where  rudder  is  applied  in 
relation  to  the  bend  (ship's  crosstrack  position  in  channel  and  course  error) 

c.  Subject  analysis 

•  Experimenter's  observations  and  subject's  comments 

»  Structured  questionnaire  to  identify  subject's  perspection  of  performance 
and  to  compare  each  run  with  previous  runs 
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digital  display  variable 


FIGURE  U.  PROPOSED  DISPLAYS  FOR  FULL-LENGTH  SCENARIOS 
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Appendix  A 

INSTRUCTIONS  TO  SUBJECTS 


Introduction.  We  have  asked  you  to  participate  in  this  experiment  to  evaluate  the 
effectiveness  of  several  types  of  navigation  displays  for  piloting  a  ship.  You  will  use  b 

these  displays  separately  to  determine  their  usefulness  in  navigating  the  ship  through 
a  500-foot  channel.  The  different  displays  will  be  described  in  detail  as  you  will  use  j 

them.  j 

I 

Scenario.  During  this  experiment,  ‘we  will  be  measuring  how  well  you  keep  on  the  I 

channel  centerline.  Your  goal,  therefore,  is  to  keep  in  the  center  of  the  channel  as 
much  as  possible  throughout  the  transit.  The  channel  is  500-feet  wide  and  36-feet 
deep.  Own  ship  is  a  30,000  dwt  tanker  with  the  bridge  midships.  It  has  a  595-foot 
length  overall,  an  84-foot  beam,  and  a  34-foot  draft. 

Your  initial  starting  position  will  be  approximately  1  nm  from  a  35-degree  left  bend 
in  the  channel.  Your  heading  is  341  degrees  true,  and  the  ship's  speed  will  be  7  knots 
over  ground  at  the  beginning  of  the  run.  It  will  be  controlled  by  the  EOT  which  will 
be  set  initially  at  half  speed  ahead,  40  rpm.  RPM  changes  are  permitted,  however, 
we  would  like  you  to  maintain  an  overall  7-knot  transit  speed.  Use  of  speed 
variations  are  limited  to  full  ahead,  half  ahead,  slow  ahead,  dead  slow  ahead,  and 
stop.  No  astern  bells  are  available. 

There  will  be  a  following  current  of  3/4  of  a  knot  at  the  beginning  of  the  run,  and 
there  will  be  a  wind  from  south/southeast  at  30  knots  and  gusting. 


A.  1  INSTRUCTIONS  FOR  DIGITAL  DISPLAY  1-1* 

The  display  that  you  will  use  now  is  a  digital  display  of  own  ship's  position  with 
recommendations  for  making  the  turn.  The  information  that  you  will  be  provided  in 
the  first  leg  is  described  below. 

•  CROSSTRACK  DISTANCE  is  shown  in  feet  to  the  right  or  left  of  the  channel 
centerline,  and  its  direction  is  indicated  by  arrows. 

•  CROSSTRACK  SPEED  is  shown  in  feet  per  minute  in  the  direction  that  own 
ship  is  moving. 

•  TURN  RATE  is  shown  in  degrees  per  minute  to  the  right  or  left. 

•  DISTANCE  TO  LEAD  LINE  is  shown  in  nm.  The  lead  line  is  the  point  at  which 
the  turn  should  be  started.  A  1 0-degree  rudder  will  be  required  to  make  the 
turn. 

Once  you  have  reached  the  lead  line,  the  information  shown  for  CROSSTRACK 
DISTANCE  and  CROSSTRACK  SPEED  will  be  to  the  next  leg.  You  will  be  shown  a 
RECOMMENDED  TURN  RATE  which  you  should  try  to  continuously  match  with  own 


*  See  Figures  5  and  6  of  the  text. 
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ship's  turn  rate.  This  will  bring  you  on  centerline  of  the  new  leg.  Once  your  course  is 
within  3  degrees  of  the  new  lee,  RECOMMENDED  TURN  RATE  will  disappear.  You 
w:ll  be  cn  a  heaci.ng  of  34 1  degrees  in  the  first  leg,  at  7  knots,  half  speed  ahead, 
approximately  1  nm  from  the  turn.  Are  there  any  questions? 


A. 2  INSTRUCTIONS  FOR  DIGITAL  DISPLAY  1-2 

The  display  that  you  will  use  now  is  a  digital  display  of  own  ship's  position  with 
recommendations  for  making  the  turn.  The  information  that  you  will  be  provided  in 
the  first  leg  is  described  below. 

•  CRCSSTRACK  DISTANCE  is  shown  in  feet  to  the  right  or  left  of  the  channel 
centerline,  and  its  direction  is  indicated  by  arrows. 

•  CROSSTRACK  SPEED  is  shown  in  feet  per  minute  in  the  direction  that  own 
ship  is  moving. 

•  TURN  RATE  is  shown  in  degrees  per  minute  to  right  or  left. 

•  TIME  TO  LEAD  LINE  is  shown  in  minutes.  The  lead  line  is  the  point  at  which 
the  turn  shouid  be  started.  A  10-degree  rudder  will  be  required  to  make  the 
turn. 


Once  you  have  reached  the  lead  line,  the  information  shown  for  CROSSTRACK 
DISiANCE  and  CROSSTRACK  SPEED  will  be  to  the  next  leg.  You  will  be  shown  a 
RECOMMENDED  TURN  RATE  which  you  should  try  to  continuously  match  with  own 
ship's  turn  rate.  This  will  bring  you  on  the  centerline  of  the  new  leg.  Once  your 
course  is  within  3  degrees  of  the  new  leg,  RECOMMENDED  TURN  RATE  will 
disappear.  You  will  be  on  a  heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half 
speed  ahead,  approximately  1  nm  from  the  turn.  Just  take  the  ship  in  normally.  Are 
there  any  questions? 


A. 3  INSTRUCTIONS  FOR  DIGITAL  DISPLAY  2-1 

The  display  that  you  will  use  now  is  a  digital  display  of  own  ship's  position  with 
recommendations  for  making  the  turn.  The  information  that  you  will  be  provided  in 
the  first  leg  is  described  below. 

•  CROSSTRACK  DISTANCE  is  shown  in  feet  to  the  right  or  left  of  the  channel 
centerline,  and  its  direction  is  indicated  by  arrows. 

•  CROSSTRACK  SPEED  is  shown  in  feet  per  minute  in  the  direction  that  own 
ship  is  moving. 

•  COURSE  ERROR  is  the  angular  difference  between  the  channel  centerline  and 
own  ship's  course.  If  the  course  error  is  zero  you  will  be  tracking  parallel  to 
the  centerline.  If  the  error  is  to  the  right  or  left,  you  are  moving  in  that 
direction  away  from  the  centerline. 

•  TURN  RATE  is  shown  in  degrees  per  minute  to  right  or  left. 
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•  DISTANCE  TO  LEAD  LINE  is  shown  in  nm.  The  lead  line  is  the  point  at  which 
the  turn  should  be  started.  A  10-degree  rudder  will  be  required  to  make  the 
turn. 

Once  you  have  reached  the  lead  line,  the  information  shown  for  CROSSTRACK 
DISTANCE  and  CROSSTRACK  SPEED  will  be  to  the  next  leg.  You  will  be  shown  a 
RECOMMENDED  TURN  RATE  which  you  should  try  to  continuously  match  with  own 
ship's  turn  rate.  This  will  bring  you  on  centerline  of  the  new  leg.  Once  your  course  is 
within  3  degrees  of  the  new  leg,  RECOMMENDED  TURN  RATE  will  disappear.  You 
will  be  on  a  heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half  speed  ahead, 
approximately  1  nm  from  the  turn.  3ust  take  the  ship  in  normally.  Are  there  any 
questions? 


A. 4  INSTRUCTIONS  FOR  DIGITAL  DISPLAY  2-2 

The  display  that  you  will  use  now  is  a  digital  dispiav  of  own  ship’s  position  with 
recommendations  for  making  the  turn.  The  information  that  you  will  be  provided  in 
the  first  leg  is  described  below. 

•  CRCSSTRACK  DISTANCE  is  shown  in  feet  to  the  right  or  left  of  the  channel 
centerline,  and  its  direction  is  indicated  by  arrows. 

•  CROSSTRACK  SPEED  is  shown  in  feet  per  minute  in  the  direction  that  own 
ship  is  moving. 

•  COURSE  ERROR  is  the  angular  difference  between  the  channel  centerline  and 
own  ship's  course.  If  the  course  error  is  zero  you  will  be  tracking  parallel  to 
the  centerline.  If  the  error  is  to  the  right  or  left,  you  are  drifting  in  that 
direction  away  from  the  centerline. 

•  TURN  RATE  is  shown  in  degrees  per  minute  to  the  right  or  left. 

•  TIME  TO  LEAD  LINE  is  shown  in  minutes.  The  lead  line  is  the  point  at  which 
the  turn  should  be  started.  A  10-degree  rudder  will  be  required  to  make  the 
turn. 


Once  you  have  reached  the  lead  line,  the  information  shown  for  CROSSTRACK 
DISTANCE  and  CROSSTRACK  speed  will  be  to  the  next  leg.  You  will  be  shown  a 
RECOMMENDED  TURN  RATE  which  you  should  try  to  continuously  match  with  own 
ship's  turn  rate.  This  will  bring  you  on  centerline  of  the  new  leg.  Once  your  course  is 
within  3  degrees  of  the  new  leg,  RECOMMENDED  TURN  RATE  will  disappear.  You 
will  be  on  a  heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half  speed  ahead, 
approximately  1  nm  from  the  turn.  Just  take  the  ship  in  normally.  Are  there  any 
questions? 


A. 5  INSTRUCTIONS  FOR  DIGITAL  DISPLAY  3-1 

The  display  that  you  will  use  now  is  a  digital  display  of  own  ship's  position  with 
recommendations  for  making  the  turn.  The  information  that  you  will  be  provided  in 
the  first  leg  is  described  below. 
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•  CROSSTRACK  DISTANCE  is  shown  in  feet  to  the  right  or  left  of  the  channel 
centerline,  and  its  direction  is  indicated  ov  arrows. 

•  CROSSTRACK  SPEED  is  shown  in  feet  per  minute  in  the  direction  that  own 
ship  is  moving. 

•  HEADING  TO  STEER  is  the  recommended  heading  required  for  own  ship  to 
track  parallel  to  the  channel  centerline. 

•  TURN  RATE  is  shown  in  degrees  per  minute  to  right  or  left. 

•  DISTANCE  TO  LEAD  LINE  is  shown  in  nm.  The  lead  line  is  the  point  at  which 
the  turn  should  be  started.  A  10-degree  rudder  will  be  required  to  make  the 
turn. 

r.ce  you  nave  reacted  the  lead  line,  the  information  shown  for  CROSSTRACK 
[STANCE  arc  CROSSTRACK  SPEED  will  be  to  the  next  leg.  You  will  be  shown  a 
ECOMMENDED  TURN  RATE  whicn  you  should  try  to  continuously  match  with  own 
sh.o's  turn  rate.  Tins  will  bring  you  on  centerline  of  the  new  leg.  Once  your  course  is 
witmn  3  degrees  of  the  new  leg,  RECOMMENDED  TURN  RATE  will  disappear.  You 
will  be  on  a  heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half  ahead, 
approximately  1  nm  from  the  turn.  3ust  take  the  ship  in  normally.  Are  there  any 
questions'' 


A. 6  INSTRUCTIONS  FOR  DIGITAL  DISPLAY  3-2 

The  display  that  you  will  use  now  is  a  digital  display  of  own  ship's  position  with 
recommendations  for  making  the  turn.  The  information  that  you  will  be  provided  in 
the  first  leg  is  described  below. 

•  CROSSTRACK  DISTANCE  is  shown  in  feet  to  the  right  or  left  of  the  channel 
centerline,  and  its  direction  is  indicated  by  arrows. 

•  CROSSTRACK  SPEED  is  shown  in  feet  per  minute  in  the  direction  that  own 
ship  is  moving. 

•  HEADING  TO  STEER  is  the  recommended  heading  required  for  own  ship  to 
track  parallel  to  the  channel  centerline. 

•  TURN  RATE  is  shown  in  degrees  per  minute  to  right  or  left. 

•  TIME  TO  LEAD  LINE  is  shown  in  minutes.  The  lead  line  is  the  point  at  which 
the  turn  should  be  started.  A  1 0-degree  rudder  will  be  required  to  make  the 
turn. 

Once  you  have  reached  the  lead  line,  the  information  shown  for  CROSSTRACK 
DISTANCE  and  CROSSTRACK  SPEED  will  be  to  the  next  leg.  You  will  be  shown  a 
RECOMMENDED  TURN  RATE  which  you  should  try  to  continuously  match  with  own 
ship's  turn  rate.  This  will  bring  you  on  centerline  of  the  new  leg.  Once  your  course  is 
within  3  degree  of  the  new  leg,  RECOMMENDED  TURN  RATE  will  disappear.  You 
will  be  on  a  heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half  ahead, 
approximately  1  nm  from  the  turn.  Just  take  the  ship  in  normally.  Are  there  any 
questions? 
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A. 7  INSTRUCTIONS  FOR  GRAPHIC  DISPLAY  VARIABLE  1-1-1* 

The  display  that  you  will  use  now  is  a  graphic  display  showing  own  ship's  position  in 
the  channel.  The  display  will  be  true  motion  oriented  track-up.  With  the  true  motion 
display,  own  ship  comes  on  at  the  bottom  of  the  screen  and  resets  after  it  has 
traveled  3/4  of  the  distance  across  the  screen.  In  the  track-up  mode,  the  picture 
comes  on  with  the  channel  centerline  oriented  up,  and  own  ship  moves  through  it. 
Once  you  have  completed  the  turn,  the  display  will  automatically  change  to  the  new 
track-up  and  own  ship  will  reset  to  the  bottom  of  the  screen. 

The  displav  is  provided  with  a  heading  vector  which  corresponds  to  gyro  heading  and 
is  drawn  to  the  edge  of  the  screen.:  Own  ship's  image  is  the  actual  shape  and  size  of 
own  ship  scaled  to  the  display.  You  will  be  on  a  heading  of  341  degrees  in  the  first 
leg,  at  7  knots,  half  ahead,  approximately  1  nm  from  the  turn.  3ust  take  the  ship  in 
normally.  Are  there  any  questions? 


A.S  INSTRUCTIONS  FOR  GRAPHIC  DISPLAY  1-1-2 

The  display  that  you  will  use  now  is  a  graphic  display  showing  own  ship's  position  in 
the  channel.  Tne  display  will  be  true  motion  oriented  track-uo.  With  the  true 
motion  display,  own  ship  con.es  on  at  the  bottom  of  the  screen  and  moves  across  the 
screen  for  3/4  of  the  distance  before  it  is  reset.  In  the  track-up  mode,  the  picture 
comes  on  with  the  channel  centerline  oriented  up,  and  own  ship  moves  through  it. 
Once  you  have  completed  the  turn,  the  display  will  automatically  change  to  the  new 
track-up,  and  own  ship  will  reset  to  the  bottom  of  the  screen. 

The  display  is  provided  with  a  heading  vector  which  corresponds  to  gyro  heading  and 
is  drawn  to  the  edge  of  the  screen.  Own  ship's  image  is  symbolically,  represented  by 
a  cross  («■).  You  will  be  on  a  heading  of  341  degrees  in  the  first  leg.  at  7  knots,  half 
ahead,  approximately  1  nm  from  the  turn.  3ust  take  the  ship  in  normally.  Are  there 
any  questions? 


A. 9  INSTRUCTIONS  FOR  GRAPHIC  DISPLAY  1-2-1 

The  display  that  you  will  use  now  is  a  graphic  display  showing  own  ship's  position  in 
the  channel.  The  display  will  be  true  motion  oriented  track-up.  With  the  true  motion 
display,  own  ship  comes  on  at  the  bottom  of  the  screen  and  moves  across  the  screen 
for  3/4  of  the  distance  before  it  is  reset.  In  the  track-up  mode,  the  picture  comes  on 
with  the  channel  centerline  oriented  up,  and  own  ship  moves  through  it.  Once  you 
have  completed  the  turn,  the  display  will  automatically  change  to  the  new  track-up, 
and  own  ship  will  reset  to  the  bottom  of  the  screen. 

The  display  is  provided  with  a  course  vector  which  represents  the  course-made-good 
of  ownship  and  is  drawn  for  the  distance  own  ship  will  travel  in  3  minutes.  Own 
ship's  image  is  the  actual  shape  and  size  of  own  ship  scaled  to  the  display.  You  will 
be  on  a  heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half  ahead,  approximately  1 
nm  from  the  turn.  3ust  take  the  ship  in  normally.  Are  there  anv  questions'1 

*  See  Figure  7  of  the  text. 
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INSTRUCTIONS  FOR  GRAPHIC  DISPLAY  2-1-1 


The  display  that  you  will  use  now  is  a  graphic  display  showing  own  ship's  position  in 
trie  channel.  The  display  will  be  relative  motion  oriented  track-up.  Witn  relative 
motion  the  ship's  image  always  remains  m  tne  center  of  the  screen.  In  the  track-up 
mode,  the  picture  comes  on  with  the  channel  centerline  oriented  up,  own  ship  moves 
through  it.  Once  you  have  completed  the  turn,  the  display  will  automatically  change 
to  the  new  track-up. 

The  display  is  provided  with  a  heading  vector  which  corresponds  to  gyro  heading  and 
is  drawn  to  the  edge  of  the  screen.  Own  ship's  image  is  the  actual  shape  and  size  of 
own  ship  scaled  to  the  display.  You  will  be  on  a  heading  of  341  degrees  in  the  first 
leg,  at  7  knots,  half  ahead,  approximately  1  nm  from  the  turn.  Just  take  the  ship  in 
normally.  Are  there  any  Questions!1 


A. 11  INSTRUCTIONS  FOR  GRAPHIC  DISPLAY  1-2-2 

The  display  that  you  will  use  now  is  a  graphic  display  showing  own  ship's  position  in 
the  channel.  The  display  w.il  be  true  men  an  oriented  track-uo.  With  the  true  motion 
Ciioiuv.  own  shin  comes  on  at  tne  oottom  oi  the  screen  ana  moves  across  tne  screen 
f:r  3,  -  oi  the  distance  before  it  is  reset.  In  tne  track-uo  mode,  tne  picture  comes  on 
with  tne  channel  centerline  oriented  up.  and  own  snip  moves  through  it.  Once  you 
have  completed  the  turn,  the  display  will  automatically  change  to  the  new  track-up. 
and  own  ship  will  reset  to  tne  bottom  of  the  screen. 

The  display  is  provided  with  a  course  vector  which  represents  the  course-made-good 
of  own  ship  and  is  drawn  for  the  distance  own  ship  will  travel  in  3  minutes.  Own 
ship's  course  image  is  symbolically  represented  by  a  cross  (+).  You  will  be  on  a 
heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half  ahead,  approximately  1  nm 
from  the  turn.  Just  take  the  ship  in  normally.  Are  there  any  questions-1 


A. 12  INSTRUCTIONS  FOR  GRAPHIC  DISPLAY  2-1-2 

The  display  that  you  will  use  now  is  a  graphic  display  showing  own  ship's  position  in 
the  channel.  The  display  will  be  relative  motion  oriented  track -up.  With  relative 
motion,  the  ship's  image  is  always  in  the  center  of  the  screen.  In  the  track-up  mode, 
the  picture  comes  on  with  the  channel  centerline  oriented  up,  and  own  ship  moves 
through  it.  Once  you  have  completed  the  turn,  the  display  will  automatically  change 
to  the  new  track-up. 

The  display  is  provided  with  a  heading  vector  which  corresponds  to  gyro  heading  and 
is  drawn  to  the  edge  of  the  screen.  Own  ship's  image  is  symbolically  represented  by  a 
cross  {*),  You  will  be  on  a  heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half 
ahead,  approximately  1  nm  from  the  turn.  Just  take  the  ship  in  normally.  Are  there 
any  questions? 
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A. 13  INSTRUCTIONS  FOR  GRAPHIC  DISPLAY  2-2-2 


The  display  That  you  will  use  now  is  a  graphic  display  showing  own  ship's  position  in 
the  channel.  The  display  will  be  relative  motion  oriented  track-up.  With  relative 
motion,  the  ship's  image  always  remains  in  the  center  of  the  screen.  In  the  track-up 
mode,  the  picture  comes  on  with  the  channel  centerline  oriented  up,  and  own  ship 
moves  through  it.  Once  you  have  completed  the  turn,  the  display  will  automatically 
change  to  the  new  track-up. 

The  display  is  provided  with  a  course  vector  which  represents  the  course-made-good 
of  own  ship  and  is  drawn  for  the  distance  own  ship  will  travel  in  3  minutes.  Own 
ship's  image  is  symbolically  represented  by  a  cross  (+).  You  will  be  on  a  heading  of 
3-1  degrees  in  the  tirst  leg,  at  7  knots,  half  ahead,  approximately  I  nm  from  the  turn, 
just  taKe  the  ship  in  normally.  Are  there  any  questions0 


A.  1 »  INSTRUCTIONS  FOR  GRAPHIC  DISPLAY  2-2-1 

The  display  that  you  will  use  now  is  a  graphic  display  showing  own  ship's  position  in 
the  channel.  The  display  will  be  relative  motion  oriented  track-up.  With  relative 
motion,  the  ship's  image  always  remains  in  the  center  of  the  screen.  In  the  track-up 
mode,  the  picture  comes  on  with  the  channel  centerline  oriented  up,  and  own  snip 
moves  Through  it.  Once  you  have  completed  the  turn,  the  display  will  automatically 
change  to  the  new  track-up. 

The  display  is  provided  with  a  course  vector  which  represents  the  course-made-good 
of  own  ship  and  is  drawn  for  the  distance  own  ship  will  travel  in  3  minutes.  Own 
ship's  image  is  the  actual  shape  and  size  of  own  ship  scaled  to  the  display.  You  will 
be  on  a  heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half  ahead,  approximately  1 
nm  from  the  turn,  just  take  the  ship  in  normally.  Are  there  any  questions0 


A. 15  INSTRUCTIONS  FOR  GRAPHIC  DISPLAY  3-2- i 

The  display  that  you  will  use  now  is  a  graphic  display  showing  own  ship's  position  in 
the  channel.  The  display  will  be  relative  motion  oriented  head-up.  With  relative 
motion,  the  ship's  image  always  remains  in  the  center  of  the  screen.  The  head-up 
mode  operates  similar  to  the  head-up  feature  on  commercially  available  radars. 

The  display  is  provided  with  a  course  vector  which  represents  the  course-made-good 
of  own  ship  and  is  drawn  for  the  distance  own  ship  will  travel  in  3  minutes.  Own 
ship's  image  is  the  actual  shape  and  size  of  own  ship  scaled  to  the  display.  You  will 
be  on  a  heading  of  341  degrees  in  the  first  leg,  at  7  knots,  half  ahead,  approximately  1 
nm  from  the  turn,  just  take  the  ship  in  normally.  Are  there  any  questions? 


A. 16  INSTRUCTIONS  FOR  PERSPECTIVE  DISPLAYS  I  AND  2* 

Tiie  display  that »/ou  will  use  now  is  a  perspective  d.spiuv  which  represents  what  veu 
would  see  out  the  window  if  channel  boundaries  were  visible.  The  channel  boundaries 

*  See  Figure  8  of  the  text. 

A- ? 


will  be  shown  as  dashed  lines,  however,  these  dashes  are  symbolic  and  do  not 
reoresent  distance.  As  a  result,  the  dashed  lines  will  not  move  along  own  ship  as  you 
proceed  down  the  channel.  You  wiil  be  on  a  heading  of  34 1  degrees  in  the  first  leg,  at 
7  Knots,  half  speed  ahead,  approximately  1  nm  from  the  turn.  Just  take  the  ship  in 
normally.  Are  there  any  questions? 
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Appendix  B 

PRELIMINARY  RESULTS  OF  TRACKKEEPING  ANALYSIS 

This  appendix  contains  tables  that  compare  the  group  mean  and  standard  deviation 
of: 

•  Order  of  runs  (first,  middle,  final) 

•  Display  concepts  (digital,  graphic,  perspective) 

4  Digital  variables  (steering  and  turning  cues) 

•  Graphic  variables  (motion,  orientation,  vector,  and  ownship  image  cues) 

•  Perspective  variables  (60-degree  and  90-degree  field  of  view) 

The  tables  summarize  (1)  crosstrack  distance  (from  the  centerline)  before  and 
after  the  bend  at  0.25  nm,  (2)  initial  rudder  actuations,  (3)  check  rudder  actuations, 
and  (U)  incidence  of  increasing  rudder  at  the  bend. 


B-l 


OF  ORDER  OF  RUNS 


Ml  0  OLE  <UNS 


►  INAL  RUNS 


STANDARD  DEVIATION 


TABLE  B-2.  COMPARISON  OF  DISPLAY  CONCEPTS 


MEASURE 

digital 

GRAPHIC 

PERSPECTIVE 

CROSSTRACK 

DISTANCE  1IA 

NM  BE  PORE 

BINO  IPEET) 

2-l 

4-L 

2-L 

crosstrack 

DISTANCE  1’4 

j  NM  eEYOND 

BENO  'FEET) 

4*-L 

«|_A 

B2-R 

MAGNITUDE  Of  INITIAL 
3  «UOOER  DEGREES' 


COURSE  £RRO«  AT 
•%'T'TAL  RuODER  DEGREES’ 


crcssthack  distance  a: 
i\i t< al  rudder  fee* 


DISTANCE  TO  BEND  AT 

■  NtT.AL  RuOOEP  .NM 


VAGM’LOE  0*  CHECK 
RwOOER  DEGREES 


COURSE  ERROR  AT  c-€Ck 
RuOOEP  DECREES 


CROSSTRACK  DISTANCE  AT 
CHECK  RUDOER  'FEET 


OISTANCE  PROM  BENO  AT 
CHECK  RUODER  iNMi 


INCIDENCE  OP  INCREASING 
RUOCCR  IN  BENO  iv 


1RCSSTMACK 
*.M  BE  POME 

DISTANCE  ’  A 

UENO  FEET' 

'8 

★ 

2B 

1 

20  j 

:rosstrack 

IV  UF  *ONO 

DISTANCE  l  4  ! 

BE  NO  .FEET'1 

M 

SB 

~ - ! 

VAGNlTuOE  Of  'NiTiAL 
'‘UDDER  DECREES 


COUPSE  ERROR  AT 
M’lTAi  i-oOGEF  DEGREES 


CRCSSTRaCk  OlSTANCE  at 
•NiTiAl  RUOOER  'PEET1 


DISTANCE  TO  BIN©  AT 
INITIAL  RUOOER  •  NM) 


MAGMTUOI  OP  CHECK 
RUODER  OEGREESi 


COURSE  ERROR  AT  CHECK 
nuODIR  DEGREES, 


v. p^ss ’Rack  distance  a* 

■  Hk-  •-  /DOE  R  P  F  f  T 


distance  *«om  Bend  at 


SlGNlPlCANT  At  o  ...  10  level  OP  CONplOENCI 


STANDARD  DEVIATION  (.ROUP  MEAN 


T 

!-■? 


TABLE  B-3.  COMPARISON  OF  DIGITAL  VARIABLES 


vfiSLfll 

□«ST  '0  LEAD  j 
1  ONLY 

1  TIME  *0  S.6AO 

1  ONLY  1 

COURSE 

1  CIST  TO  CEAol 

ERROR  | 

1  TIME  TO  lEAqI 

HEADING 

1 OIST  '0  ^EAO  1 

TQ  STEER  j 

1  TIME  'O  LEAoi 

1  J 

CROSSTRACK  DISTANCE  '  •»  j 

NM  BEFORE  3ENO  -FEETI 

7— L 

2-R 

2-L 

6— L 

4-fl 

4— L  ; 

2  | 

CROSSTRACK  DISTANCE  W4 

NM  MYONO  81  NO  FEET) 

ST— L 

38-L 

21 -L 

13-L 

18-L 

31 -L 

3 

MAGNITUDE  OF  INITIAL 

RUDDER  -DEGREES) 

10 

10 

to 

10 

10 

10 

COURSE  ERROR  AT 

INITITAL  RUOOER  DEGREES) 

i  0.90— L 

0.71 -L 

3.38— L 

0.94-L 

0.24-i. 

0  18-L 

5 

CRCSSTRaCK  DISTANCE  AT 

NIT-al  RuCCER  FEET' 

T-C 

1  — L 

25- l 

n-L 

22 -R 

1 

5— L 

distance  to  bend  at 

NIT  AL  RUOOER  NM< 

:aa 

225 

208 

208  ' 

13’ 

230 

MAGNITUDE  DF  CHECK 

ouOCEfl  DEGREES)  10 

15 

10 

15 

15 

i 

’•  j 

COURSE  ERROR  AT  .;mECK  ! 

auCDER  DEGREES)  -  5.83-R 

0  99- L 

3.36-R 

2.54-R 

0  26-R 

3.65-R  j 

CRCSSTRACK  DISTANCE  AT 

CHECK  RUDDER  F££T  '44-c 

1 2-L 

73-u 

31  -L 

22-R 

1 

62-c 

DISTANCE  FROM  3ENO  AT 

1  CHECK  RUOOER  V.ll  |  120 

190 

152 

182 

187 

1 

160  I 

NCI  DE  NCI  OF  .NCR6ASING 

1  ■  ~ 

1  RUOOER  IN  8EN0  v.» 

1 

17 

87 

17 

50 

20 

0 

1  CROSSTRACK  DISTANCE  ’■«  ] 

1  NM  BEFORE  SEND  FEETI 

\  -  ' 

9 

10 

11 

11 

35 

i8  i 

j  crosstrack  distance  m 

j  NM  aivONO  8ENO  FEETI 

54 

i _ 

171 

29 

37 

48 

1 

MAGNITUDE  OF  INITIAL 

RUOOER  OEGREESI 

0 

5 

5 

0 

0 

5 

COURSE  ERROR  AT 
iNiTiTAL  RUOOER  DEGREES) 

0.98 

0.81 

7.47 

1  00 

1  17 

0.93 

CROSSTRACK  OtS7A*C£  AT 
INITIAL  RUOOER  'F|f  T1 

11 

10 

51 

9 

78 

17 

OISTANCC  TO  8ENO  AT 

INITIAL  RUOOER  NM1 

038 

oot 

103 

039 

010 

018 

MAGNITUOE  OF  CHECK 

RUOOER  i  OEGREESI 

0 

10 

5 

5 

.. 

5 

COURSE  ERROR  AT  CHECK 
Atjooen  -OEGREESI 

SOI 

X8? 

2.81 

179 

2.27 

2.98 

CROSSTRACK  DISTANCE  AT 

CHECK  RUOOER  FEET) 

140 

188 

84 

33 

108 

78 

OISTANCE  FROM  8ENO  AT 

CHECK  RUOOER  NMI 

Of? 

083 

103 

098 

083 

033 

Note:  No  statistical  analysis  was  conducted  at  this  level  of  interaction.  For  statistical 
comparison  see  Tables  B-4  and  B-5. 
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TABLE  B-5.  COMPARISON  OF  TURNING  CUES 


OiSTANCg  TO  t.€AOLiN€ 


TIME  TO  lEAOUNE 


CROSSTRaCK  DISTANCE  1/4 

KM  BEFORE  BIND  iMITl 

2-L 

3-L 

CROSSTRaCK  DISTANCE  1/4 

KM  4EV0N0  Bf  NO  ;F«fT) 

_ 

_ 

174. 

MAGNITUDE  OF  INITIAL 

RUOOER  OCGBCfSl 

_ 

10 

10 

course  iRPoa  at 

MIiTAc  --DC€«  DEGREES-'  'SO-*. 

3  80-i. 

a.oosstpack  ^stance  at 

MT'AL  S'XOf-l  *€;'  T-L 

d.stance  'o  re\c  at 

NlT  AL  AUCOCR  %Mi  228 

22 1 

MAGMTUOE  Df  CHECK 

«uODER  DEGREES'  10 

•s 

COURSE  ERROR  AT  :-£CK 

RUDDER  DEGREES  3  jB-R 

CRCSSTPAcK  DISTANCE  at 

CHECK  RUDDER  FEE”1'  SS-U 

JS-L 

DISTANCE  fpqm  9ENO  AT  i 

|  CHECK  RUOOER  NMl  |  2?t 

1  Tl 

INCIDENCE  OF  INCREASING 

— 

RUOOER  IN  BENO  »%l 

1 

z 


< 

> 

LLt 

c 

c 

oz 

< 

c 

z 

< 

1- 

1/1 


""  '  ■  - - - * - 

1  CROSSTRACK  DISTANCE  14 
.  KM  BEFORE  BENO  FEET) 

( 

'i 

i _ . _ _ 

★ 

i  CROSSTRACK  OISTANCE  1/4 
j  NM  3EVQNO  BENO  ‘f  EET1 

40 

1 

★ 

- - - - — 

“ 

1  MAONITUOE  OF  INITIAL 
j  RUOOER  OEGREES1 

_ ! _ 

1 

s 

I  COURSE  ERROR  AT 

1  NIT1TAL  RUOOER  DEGREES) 

110 

★ 

0J1 

|  CROSSTRACK  DISTANCE  AT 

INITIAL  RUOOER  MIT1 

4? 

★ 

12 

i  DISTANCE  TO  BENO  aT 

NITiAl  RUOOER  NMl 

MO 

★ 

01« 

VAGMTUOE  OF  CHECK 

RUDOER  DEGREES) 

- _| 

5 

$ 

COURSE  ERROR  AT  CHECK 
RUOOER  DECREES) 

130 

114 

CROSSTRACK  DISTANCE  AT 
'heck  RUOOER  FEET) 

100 

n 

DISTANCE  FROM  BENO  AT 

heck  Ri/OOtR  NMl 

**? 

★ 

ta*  i 

i 

★  SIGNIFICANT  *f  »«;  10  LEVEL  OF  CONFIDENCE 
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STANDARD  DEVIATION  GROUP  MFAN 


TABLE  B-6.  COMPARISON  OF  GRAPHIC  VARIABLES 


VCASURf 


TRACK  -UF  TRUE  MOTION  I  TRACK  — UA  RELATIVE  MOTION  |  HEAD— UP  RM 

HEADING  I  COURSE  I  HEADING  i  COURSE  I  HEADING  COURSE  | 

SCALED  kTMBOud  SCALEO  ISYMfOLKJ  SCALED  iSYMPOUQ  SCALED  IlYMgOUO  SCALED  ISYMBOLIC  I 


- - - - 

CROSSTRACK  DISTANCE  i/4 

NM  BEFORE  BENO  (FEET) 

16~L 

B 

6— L 

12-L 

B 

B 

B 

B 

B 

2— L 

CROSSTRACK  DISTANCE  1/4 

NM  BEYOND  BENO  'Ff|Tl 

25— R 

»-R 

41— R 

B 

B 

»-R 

57 -R 

..  i 

•2-R 

j  MAGNITUDE  OF  INITIAL 
|  "UDDER  'DECREES* 

i  , 

20 

B 

20 

20 

20 

15 

20 

20 

20 

COURSE  ERROR  AT 
iNITITAl  RUQOER  0EQREES1 

1  1  19— L 

1.24— L 

0.84— L 

4.24— L 

0.37  — L 

1  06— L 

0.76— L 

1  32 -L 

2.53- L 

i 

2.27— L  ] 

1  CROSSTRACK  DISTANCE  AT 
,  INITIAL  RUCQER  'FEE?' 

22— L 

14— L 

21-L 

24- L 

B 

1 1  —  L 

B 

26- L 

B 

1 

10— L 

| 

,  distance  to  bend  at 

i  INITIAL  "UDDER  INMl 

j  130 

-i- - - 

119 

130 

103 

_ 

128 

134 

142 

.116 

114 

,110 

i  ! 

,  MAGNITUDE  df  check  l 

j  RUOOER  -DECREES’  !  15 

15 

,s 

10 

15 

15 

15 

15 

15 

,0 

!  COURSE  ERROR  AT  CHECK  1 

■  RUCDEP  OEGREES*  j  3.53-R 

1.55— R 

2.13-R 

0  48— L 

2.05— R 

2.83— R 

3.29— R 

1.18-L 

3.85— R 

<U6-« 

J  CROSSTRACK  DISTANCE  AT 
'  CHECK  RUDOER  iFEET) 

7-R 

45— R 

40— R 

61 -R 

50— R 

31— R 

2-« 

76— R 

55— R 

0-0 

D'STANCE  FROM  BENO  AT 
j  CHECK  RUODER  INMl 

096 

120 

.115 

.150 

113 

114 

LJ!L 

.150 

112 

1 

1 

!  INCIDENCE  OF  INCREASING 

i 

S§QM| 

1  M'jOOE  D  IN  BEND  •%» 

i _ ! 

50 

33  J 

87 

■ 

67 

50  j 

83 

50 

33 

"  1 

7 

crussihack  DISTANCE  i4 
**M  HE ‘ORE  BEND  FEET' 

31 

26 

30 

26 

30 

B 

25 

36 

13 

24 

13 

v»OS5THAC.k  DISTANCE  1  >4 

NV  Bt*CNC  BEND  FEET) 

38 

H 

52 

53 

71 

33 

65 

55 

105 

14 

MAGM’^O!  0*  initial 

R'jUOfR  DEGREES’ 

5 

m 

10 

10 

B 

B 

10 

10 

10 

5 

15 

CUo»r.E  ERROR  AT 
•  MTiTAi  «UOO£R  DEGREES! 

0  70 

l  05 

0  92 

5  38 

0  49 

065 

060 

068 

4  18 

3  16 

16 

CROSSTRACK  DISTANCE  AT 

INITIAL  "  UDDE  R  FEET* 

42 

34 

42 

33 

36 

43 

32 

46 

29 

32 

17 

1  OISTANCE  TO  BENO  AT 
j  INITIAL  RUDDER  INMl 

.030 

023 

027 

.092 

035 

.025 

042 

.037 

.099 

091 

18 

MAGNltUOf  OF  CHECK 

RUOOER  IOCGRCE5I 

8 

6 

B 

5 

5 

5 

5 

5 

5 

5 

19 

COURSE  ERROR  AT  CHECK 
RUDDER  'DEGREES' 

3.94 

4  21 

3.01 

199 

4  49 

5.06 

5.43 

4.39 

2J7 

•» 

20 

CROSSTRACk  OiSTANCE  AT 

CHICK  "UDDER  1  FEET  i 

50 

L-  - 

43 

64 

90 

88 

53 

76 

67 

69 

100 

21 

distance  from  bend  at 

C*EC*  "UDDER  NK*  • 

024 

046 

038 

076 

055 

055 

046 

064 

032 

114 

Note:  No  statistical  analysis  was  conducted  at  this  level  of  interaction.  For  statistical 
comparison  see  Tables  B-7  through  B-10, 
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TABLE  B-7.  COMPARISON  OF  MOTION  CUES 


MEASURE  I  TRUE  MOTION  TK-UPI  j  RELATIVE  MOTION  1TK-0PI 


C  ROSS  TRACK  DISTANCE  1/4 

SM  BEFORE  BEND  (FEET) 

M. 

. 

2— L 

CROSSTRACK  DISTANCE  1/4 

nm  atvoNO  aiNo  ifeot 

34—9 

SO-R 

j  MAGNITUOE  of  INITIAL 

3  j  RUOOE R  DEGREES) 

20 

20 

;C‘-RSE  gR»CR  AT 

NiTirAL  RUOOER  DEGREES) 

1  '  a?-t.  ^ 

0  70— L 

*C  :pcsstrac<  distance  at  , 

'JJ  5  *.  1 T  •  A  L  AGCCER  FE£T)  ‘0-L 

’2-L 

DISTANCE  "D  36NO  AT 

C-  NIHAL  RUOOER  VMI  !  121 

■M 

C 

7  VACM’.OE  0e  .HECK 

sv  T.CCER  De  :-»  =  *$.  ■  '5 

j 

,  “‘•'•j  a-  check 

aoOCJa  ZZ  C'EES'  '  SB-R 

1.75— R  ; 

.  .  crosstbalk  distance  AT  1 

:hCCK  a  C  CCER  FEETI  39-R 

1 

40-A  j 

,Q  ’  DISTANCE  FROM  3ENO  AT  . 

1  CHECK  fluOOE «  NMI  120 

lit 

i  iNCIOENCE  OF  INCREASING 

j  RUOOER  IN  BIND  i%) 

3B 

S3 

12 

CRCSSTRACK  DISTANCE  ’  4 

NM  BEFORE  3ENO  FEET) 

» 

31 

13 

CPOSSTRACK  DISTANCE  1/4 

NM  SEvONO  BEND  FEET) 

At 

94 

2 

C 

i« 

MAGNITUOE  OF  INITIAL 

RUOOER  OECRECS) 

10 

10 

f- 

< 

H 

COURSE  ERROR  AT 
■NITITAl  RUOOER  i  DEGREES) 

2.01 

★ 

0.41 

> 

LU 

c 

’• 

CROSSTRACK  DISTANCE  AT 
•NlTiAL  RUOOER  i  F  E  E  T1 

It 

39 

c 

a 

t ; 

DISTANCE  TO  RENO  AT 

INITIAL  RUOOER  NMI 

04 1 

039 

< 

z 

< 

IB 

MAGNITUDE  OF  CHECK 

RUOOER  OEGRECSl 

S 

S 

LO 

It 

COURSE  ERROR  AT  CHECK 
RUOOER  DEGREES) 

17t 

★ 

4  44 

20 

CROSSTRACK  DISTANCE  AT 

CHECK  RUOOER  FEE  Tl 

42 

★ 

71 

21 

OMTANC1  FROM  SCNO  At 

CHICK  RUOOER  NMI 

044 

053 

★  SIGNIFICANT  AT  >  ^  10  CEVE L  OP  CONFIDENCE 
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TABLE  B-8.  COMPARISON  OF  ORIENTATION  CUES 


T. 

L: 


MEASURE  )  TRACK-I*  IR.M.-SCAktDI  (  MEAO-UR  IR M -SCA kEO) 
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Appendix  C 

AN/RA  SIMULATION  CHECKLIST 

'V' 

O 

r— 

z 

< 

LOCATION 

TASK 

up  ^ 

_J 

Prearrival 

Inform  receptionist  of  whereabouts  and  subject's 
name 

X 

Helmsman  present 

X 

X 

Simulator  operator  present 

X 

AN/RA  program  checkout  (first  scheduled  run 
—  RUN  0,  SUBJECT  0) 

X 

X 

Bridge  arrangement  and  checkout  with  program 
—  set  ambient  light 

X 

Select  proper  run  sheet 

X 

Put  instructions  in  order  according  to  run  sheet 

X 

Reception 

Greet  subject 

X 

- 

Introduce  to  "wnomever" 

X 

Offer  coffee 

X 

Fill  out  paper  work 

X 

Bridge 

Introduce  to  helmsman 

X 

X 

Point  out  "Navigation  display"  and  brightness 
control 

X 

Visual  scene 

OH  repeater 

Console  repeater 

RAI 

EOT 

RPM 

Clock 

X 

X 

X 

X 

X 

X 

X 

Chart  Table 

Check  for  chart,  dividers,  rules,  pencils 

X 

Read  scenario  instructions 

X 

Call  simulator  operator  "bring  up  run  //  " 

X 

Nav  Display 

Read  display  instructions  and  check  to  see 
if  proper  display  variables 

X 

Preinitialize 

Set:  Clock  10:00 

X 

OH  repeater  341° 

X 

Console  repeater  3**1° 

X 

Rudder  midships  0° 

X 

C-  1 


I HILMSMAN 


AN/RA  SIMULATION  CHECKLIST  (CONT’D) 


LOCATION 


Initialize 


- f 

End  of  Day  i 


i 

i 


TASK 


Call  simulator  operator  to  "start  run  // _ " 

Write  in  run  it _ on  run  sheet 

Check  display  to  see  if  operating  properly 

Watch  clock  for  10:12 

Cross  off  run  data  on  run  sheet 

Call  simulator  operator  to  stop  run, 

"bring  up  run  it _ and  wait  for  my  call 

before  starting" 

Set  up  bridge  for  Visual  Experiment 

Turn  off  bridge  (unless  requested  otherwise) 

Pick  up  Dec^riter  printout  and  staple  to 
run  sheet 


Thank  and  dismiss  helmsman 
Thank  and  dismiss  subject 


t-  uj 

L/")  -V 

UJ  — 

f-  c 


X 

X 

X 

X 

X 


X 


X 

X 


X 


X 

X 


X 


HELMSMAN 


Appendix  D 

COMBINED  TRACK  PLOTS 


The  data  provided  in  this  appendix  are  combined  track  plots  of  ail  runs  for  selected 
experimental  conditions.  The  ships'  mean  CG  (center  of  gravity)  track  is  plotted 
along  with  +/-  twice  the  crosstrack  standard  deviation  of  tracks.  The  waterway 
extends  from  0.3  nautical  miles  beyond  it.  These  plots  may  be  compared  on  a  one 
to  one  basis  with  the  "Trackkeeping  Plots"  and  "Initial  Rudder  and  Check  Rudder 
Plots"  of  Section  4.  They  are  used  primarily  for  the  interpretation  of  pilotage 
performance  which  is  statistically  analyzed  in  Section  4. 

Appendix  D  is  divided  into  three  sections: 

Section  D-l  contains  plots  of  the  main  differences  between  digital,  graphic  and 
perspective  displays. 

Section  D-2  contains  plots  which  allow  evaluation  of  all  digital  display  variables. 

Section  D-3  contains  plots  which  allow  evaluation  of  all  graphic  variables. 

Section  D-4  contains  plots  which  allow  evaluation  of  all  perspective  display 
variables. 

NOTE:  'A'here  specific  variables  are  identified  for  each  condition,  all  other  variables 
are  combined.  For  example,  D-l  is  for  a  true  motion,  track-up  display  with  either 
type  of  vector  or  ship  image. 


Section  D.l 


DISPLAY  CONCEPT  VARIABLES 


Data  in  this  section  allow  comparison  of  trackkeeping  performance  between: 

•  All  Digital  Displays 

•  All  Graphic  Displays 

•  All  Perspective  Displays 
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Section  D.2 


DIGITAL  DISPLAY  VARIABLES 

Data  in  this  section  allow  comparison  of  trackkeeping  performance  between: 

•  No  steering  cues 

•  Course  error 

•  Heading  to  steer 

•  Distance  to  leadline 

•  Time  to  leadline 


D-6 


DIGITAL  Display,  Distance  to  Leadline 


Section  0.3 


GRAPHIC  OISPLAV  VARIABLES 

Data  to  out  wetton  allow  cowpawaoA  of  wdRwpin  poriomaAco 

o  TmomoooA 
•  Retain*  motion 
o  Trtdi  up 
o  Hood  up 

o  new 

o  Cmo  *ocw 


•  Veautd  v*»p  »mip* 

•  V-naaix  *a*o 
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Figure  0-24.  GRAPHIC  Display,  True  Motion,  Track-Up,  Course  Vector, 

Scaled  Ship  Image 
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